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PREFACE 

In the preparation of the present Manual, the author has endeavored to supply 
a want which he considers has been experienced by many of our Medical Students; 
a text-book upon Histology which, although concise in description shall still be sufficiently 
minute to furnish a clear and comprehensive idea of the subject. 

The following pages represent an effort to condense the description of the structure 
of the various portions of the human body in such a manner that they may be readily 
grasped and permanently retained by the student, and to furnish him with the means, 
in the form of experiments, by the aid of which he may be able to verify such description 
and impress upon his memory mental photographs of the microscopical appearance of 
the various tissues and organs, so permanent and distinct that time and future occupa- 
tions shall fail to erase them. 

Although the Manual is not intended by the author to be regarded as a complete 
and exhaustive treatise on Histology, he feels confident that it will give to the student 
such a thorough knowledge of the essential facts of the science that he will be able 
with ease to study and comprehend such matters of histological interest as may, from 
the elementary character of the work, have been necessarily omitted, or those subjects 
connected therewith which he may be called upon to study later in his advanced college 
course or professional career. 

As Embryology has now been added as a separate department to the college 
curriculum, the consideration of the development of the tissues and organs cf the body 
has been omitted, except in a single instance, that of the development of bone. 

Except in the occasional instance where he has taken advantage of the excellent 
illustrations of other duly acknowledged authors, and in those instances where he has 
attempted to represent by means of diagrams, all the illustrations are faithful repre- 
sentations of specimens examined by the author, and from which drawings were 
prepared by him expressly for the Manual. 

In presenting this work to the public, the author takes advantage of the opportunity 
to express his appreciation of the cordial reception extended to his Lecture Notes by 
the members of his former classes as it is largely due to that reception that he was 
encouraged to prepare the present Manual. He also extends his thanks to the Bausch 
and Lomb Opt. Co., of Rochester, New York, for their courtesy extended in the contribu- 
tion of the cut used in Fig. 5.* 

T. B. M. 

Baltimore, September 10th, 1916. 



* NOTE. Fig. 5, has been made Fig. 6. in the 3rd edition. 



Preface to the Third Edition. 



Twenty years' experience teaching Histology with the aid of the "Manual" 
has convinced the author that the best results in teaching a laboratory subject 
are to be obtained by the use of a text-book which describes the subject briefly 
but explicitly, profusely illustrated with sketches or photographs of the objects 
which the student is expected to see. Such a book may readily be used in the 
laboratory as a guide, as well as in the classroom. 

Having found the "Manual" to have met his expectations during the years 

of teaching students of this and many of the other nationalities at the three 

medical colleges of Baltimore, namely, the Baltimore Medical College, University 

of Maryland, and College of Physicians and Surgeons, which recently have merged 

to form one school, the author has endeavored to alter the text as little as 

possible, only altering and adding merely to bring the book up to the present 

times, but has added illustrations, mostly microphotographs, taken of specimens 

actually used by him for his classes in the laboratory, and for the projection upon 

screens as illustrations of his lectures. Microphotographs Numbers 1 and 19, and 

Numbers 30, 70 and 71, are specimens stained and mounted respectively by 

Messrs. Wetherbee Fort and Wm. H. Ingram, members of the author's class in 

Histology during the Session of 1915-16, to whom due credit and appreciation 

are extended. 

T. B. M. 
Baltimore, July 1st, 1916. 



CONTENTS. 



CHAPTER I. 
Introductory Pages 1 to 8 

CHAPTER II. 
The Bi.ood Pages 9 to 15 

CHAPTER III. 
Epithelium Pages 16 to 21 

CHAPTER IV. 
Supporting Tissues Pages 22 to 36 

CHAPTER V. 
Muscular Tissue Pages 37 to 41 

CHAPTER VI. 
Nervous Tissue Pages 42 to 48- 

CHAPTER VII. 
The Heart and Blood Vessels Pages 49 to 54 

CHAPTER VIII. 
The Lymph Channels and the Membranes Pages 55 to 57 

CHAPTER IX. 
The Alimentary Canal and its Appendages Pages. 58 to 89 

CHAPTER X. 
The Aggregations of Lymphoid Tissue Pages 90 to 96 

CHAPTER XI. 
The Respiratory Organs Pages 97 to 101 

CHAPTER XII. 
The Skin and its Appendages Pages 102 to 10& 



CHAPTER XIII. 
The Urinary Organs Pages 109 to 116 

CHAPTER XIV. 
The Generative Organs of the Mai,e Pages 117 to 124 

CHAPTER XV. 
The Reproductive Organs of the Female Pages 125 to 131 

CHAPTER XVI. 

The Mammary Gland, The Thyroid Gland, and 

The Suprarenal Body Pages 132 to 137 

CHAPTER XVII. 
The Eye Pages 138 to 145 

CHAPTER XVIII. 
The Organ of Hearing Pages 146 to 149 

CHAPTER XIX. 
The Organ of Smell Pages 150 to 151 

CHAPTER XX. 
The Nervous System Pages 152 to 161 



Appendix Pages 162 to 177 

Index Pages 179 to 199 



CHAPTER T. 

• INTRODUCTORY. 

Histology (Gr, io-t6s, a tissue ; Xoyo^. a discourse) is the branch of morphology 
which treats of the minute structure of tissues. As the minute structure of tissues 
is studied with the aid of the microscope ( Gr. /uik/jos, small; o-kottco), to view), this 
branch of science is commonly known as "microscopical anatomx." 

The study of the structure of normal tissues is "normal histology," to dis- 
tinguish it from the study of diseased tissues, or "pathological histology." As 
tissues may be animal or vegetable, there are two kinds of histology, termed re- 
spectively, "animal" and "vegetal." y\nimal histology may be divided into human, 
and comparative ; the former Ijeing the study of the structure of the tissues which 
occur in the human body. 7\s the structure of the human tissues and organs in 
many instances is shown as well, and often better, by the corresponding tissues and 
organs of lower forms of animal life, the structure of the human tissues and 
organs, in such instances, may be denionstrated from corresponding tissues and 
organs of lower animals. 

Although the tissues and organs of the body are numerous, there are four 
groups of tissues which singly, or collectively, comprise all the structures of the 
body; hence the four groups of tissues are known at the elementary tissues. 

The elementary groups of tissues are : 
Epithelial tissue. 

Supporting, more commonly known as connective, tissue. 
Muscular tissue. 
Nervous tissue. 

A tissue consists of two essential portions, a cellular and an intercellular. The 
intercellular portion may present variations which depend upon the location of, 
and the function to be performed Ijy, the tissue. In some tissues the intercellular 
substance is a liquid (blood and lymph) ; in others it is solid, tough, and elastic 
(elastic connective tissue) ; or solid and hard (bone), etc. The proportion be- 
tween the cellular and the intercellular substances varies ; in some instances there 
is a preponderance of the former ; in other instances of the latter. In the embryo 
the former is the more important and more abundant, while in the adult, usually 
the reverse is true. Although the intercellular substance varies between wide 
limits, the cellular elements of one tissue are very similar to those of another, the 
main dilTerence being one in shape. 

A CELL is a mass of protoplasm containing a nucleus, and enclosed by a limit- 
ing membrane, or cell wall. 
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Protoplasm^ sometimes termed cytoplasm, consists of two portions, spongio- 
plasm and hyaloplasm. The spongioplasm exists as a fine fibrillar network; the 
hyaloplasm, sometimes spoken of as paraplasm, as a clear semi-fluid substance 
in the meshes of the network. In the protosplasm of some cells the network of 
the spongioplasm can readily be seen (liver-cells), while in other cells the spong- 
ioplasm exists as small granular particles disseminated throughout the protoplasm 

(colorless corpuscles of the blood), the hyaloplasm 
being between the neighboring particles. Pro- 
toplasm may contain fat, pigment, glycogen, etc. 
In some portion, usually the central, of the mass 
of protoplasm there is an oval or round dense area 
of karyoplasm known as the nucleus^ which is also 
composed of a fibrillar network, and a semi-fluid 
substance contained in the meshes of the network. 
A cell from the'growing t,p of an The fibrillar uetwork of the nucleus is termed the 
(a) cell waii;°"(6r spongioplasm; intramiclear network, and consists of two portions 
m'embraneT ^Tf) intranuclear of which One exists as Very Small granules, which, 

network; (/) nuclear matrix; .. . . . . . ... 

i?i) nucleolus. Oil account of readily staining with certain aniline 

dyes are said to be chromatic (Gr. Kpto/Mx, color), the substance of which they are 
composed being termed chromatin. The other portion of the network exists as 
a delicate less stainable network of fine fibrils, termed liniii. The semi-fluid 
substance in the meshes of the network is termed the nuclear matrix, or nucleo- 
plasm, which, owing to' the fact that it does not stain with certain aniline dyes, 
is said to be achromatic, the substance of which it is composed being known as 
achromatin. At the junctions of the fibres of the intranuclear network are collec- 
tions of the chromatin, termed karyosomes, or false nucleoli. In the nuclear matrix 
there may be one or more small bodies termed nucleoli, which are collections of 
modified karyoplasm termed paranuclein or pyrenin. The nucleus is separated 
from the surrounding protoplasm by a membrane known as the nuclear membrane, 
which, owing to the facts that it stains similar to the intranuclear network, and 
is attached to or continuous with it, may be considered as being composed of the 
same kind of chromatic substance as that which composes the fibrillae of the 
network. In some cells there may be more than one nucleus, in which cases the 
cells are known as polynuclear cells. At the periphery of the protoplasm, the 
protoplasm appears more dense, or, which is more probable, the spongioplasm, 
besides forming the network of the protoplasm, extends around the periphery 
of the mass of protoplasm, thus forming a limiting membrane or cell wall. Any 
peripheral condensation of protoplasm, no matter how slight, should be regarded 
as a cell wall. In some cells the limiting membrane is pliable, elastic, and thin, 
so thin that it can only be seen after much difiiculty. Due to the limiting mem- 




M 1 — Microphotograph of a human ovum x 390. illustrating the structure of a typical cell. 
a, protoplasm showing network of spongioplasm ; h, the nucleus bounded by its nuclear 

membrane; c, nucleolus; d. cell wall; c. cells of discus proligerus; /, cells of mem- 

brana granulosa. 




M 2 — Microi'hotograph of a portif)n of a seminiferous tubule of the testicle of an opossun 
X S60 illustrating the intranuclear chromatic network in the spermatocytes. 
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brane being of such a structure, the shape of the cells may change, due to pressure 
from within the cell. In other cells the limiting membrane is dense, thus giving 
to the cells definite shapes. The shape of a cell which has a dense cell wall de- 
pends upon the pressure from without the cell. If the pressure within a cell in- 
creases to any great extent, the cell wall is liable to rupture, as in the case of the 
goblet cells of the intestines, and of the trachea. If the spongioplasm exist as 
granules instead of a network, the granules at the periphery come in contact with 
one another thereby causing the periphery to be more dense than the rest of the 
protoplasm. This is noticeable in the case of the colorless corpuscles of the blood. 

A cell during its life history may undergo certain modification, and become 
an atypical cell, as in the case of the colored corpuscle of the blood, which, in the 
early part of its life history, has the structure of a typical cell, but at a later period 
loses its nucleus. Another instance of an atypical cell would be where a cell 
never, during its life history, possesses all the essential structures of a typical cell, 
as in the case of the low form of unicellular organisms, the protamoeba, which is 
similar to the protens animalcule, commonly known as the amoeba, except that it 
has not a nucleus. 

A cell has certain functions known as vital, which are assimilation, elimination, 
growth, irritability, motion, and reproduction. 

Assimilation is the act by which living bodies appropriate and transform 
into their own substance matters with which they may be placed in contact (Dun- 
glison's Medical Dictionary). The matters thus acquired may be utilized for the 
nutrition of the cell ; or stored up, as such or after certain modification, for 
future use. 

Elimination is the process by which the cell ejects the stored up substances 
when needed, and the products formed by the katabolic changes, which are con- 
tinually going on in a living cell. 

Growth is the natural sequence to the nutrition acquired by the cell during 
the process of assimilation. 

Irritability is the function by means of which a cell responds to stimulation 
from within the cell, or from without. This function is highly developed in the 
cells of the nervous system. 

Motion is the process by means of which the portions of a cell are capable 
of changing their relation. This process, going on within a cell, may cause change 
in the shape or position of a cell. This function is highly developed in the muscle 
cells. In some cases the changes in shape of the cell allow the cell to pass from 
one place to another, producing movements similar to those produced by the pro- 
teus animalcule (amoeba) ; hence in such instances the movements are termed 
amoeboid movements. 

Reproduction is the function by which living bodies produce bodies similar 
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to themselves. (Dunglison.) It may be brought about in one of two ways: 
direct division, and indirect division. 

Direct division is where the nucleus simply divides into two equal parts, 
followed by a similar division of the protoplasm, each division of the protoplasm 
enclosing a division of the nucleus, thus forming two daughter cells. 

Indirect division is where the nucleus divides after a series of changes has 
taken place within it. The series of changes is spoken of collectively as karyoki- 
nesis. (Schleicher.) The process is also known as mitotic (Gr. /utVos, a web), the 
direct division being amitotic. 

The cycle of changes which take place in karyokinesis may be briefly sum- 
marized as follows : 

I. The intranuclear network appears to consist of one fibrilla, which is closely 
coiled, giving the close skein stage (Fig. 2, a). 

II. The skein becomes less compact, the fibrilla being arranged as a loose 
coil, giving the loose skein stage (/?). At about this time the nuclear membrane 
disappears, and also the nucleolus, and in the achromatic substance striations 
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Frc 2. 
Cells from the growing tip of an onion, showing stsges of karyokinesis. 
(fl) close skein; ;6) loose skein; (,-) rosette; ((/) asLer; ( t' ) cleavage; (/) diaster; ig) di-rosctte, and 
daughter nticlei; ih) daughter cells. 

(fibres) appear, which start from a central ])oint in each polar field, diverge and 
become continuous with those of the opposite side, forming the achromatic spindle 
or amphiaster (Fig. 5, A). 

III. The loosely arranged skein becomes arranged around a central clear 
sjjace, giving the rosette stage ( Fig. 2, c) 
IV. The filament now breaks into small 
portions, usually V-shaped, known as 
chromosomes, which are arranged with 
their apices toward tlie central clear 
space, giving an appearance somewhat 
similar to that of a star ; hence this stage _ 

' " _ Fic, ,3. 

t .1 1^1 T7 ■ o 1 \ Cells frcjni the CDiderinis of :\ salam.nnder 

IS known as the a.f/fr stage big. 2, rf). ,, , ,,, ,.' , " •< a.amnnaer, 

*= '^ ^ iJ) aster; (/) diaster; Uj) daughter nuclei. 




MANUAL OF NORMAL HISTOLOGY. 5 

V. Each of the chromosomes cleaves longitudinally, giving two V-shaped 
portions. This is known as the stage of cleavage (Fig. S, A). 

VI. The chromosomes pass to the central particle of each polar field, along 
the fibres of the achromatic spindle, one chromosome of each pair formed in 
the previous stage going to each central particle. This is known as the stage 
of metakincsis (Fig. 5 B). 







rJZt] ,/- 














Fig. 4 — Epidermis of the salamander. Three cells are in process of division by mitosis. 
a, prophase; b, metaphase. The second cell above b, whose cell body is in process of 
fission, presents a stage of the telophase. (After Wilson.) 



VII. The chromosomes at each polar field arrange themselves around the 
central particle, giving a star-like appearance at each pole of nucleus. This is 
known as the diaster stage (Fig. 2, /). 

VIII. The asters pass through the rosette, loose skein and close skein stages, 
respectively known as di-rosette, di-loose skein, di-close skein, and become 
daughter nuclei (Fig. 2, g). 

The protoplasm divides, while the asters are passing through the intervening 
stages to become resting nuclei, so that by the time that the asters have become 
daughter nuclei the protoplasm has divided, and two daughter cells have been 
formed (Fig. 2, /;). 
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Fig. S. 
diagrams (after RabI) showing the achromatic spindle (--3) and the stage of metakinesis (i?). 

Stages I and II are spoken of collectively as the prophase; III to V as 
the fiietapJiase; VI and VII as anaphase; and VIII and cleavage of protoplasm 
as telophase. 

The student after having procured the apparatus, as required for laboratory 
work, should examine carefully the staining dishes, slides, cover-slips, teasing 
needles, section lifter, etc. He should then take the miscroscope to which he has 
been assigned from its case and carefully examine its various parts : the foot 
(A) or base of the stand, by means of which the instrument rests firmly upon 
the table; the pillar (B), which is immovably attached perpendicular to the foot; 
the arm (C), which is attached to the pillar by means of a Jiinge joint, (T), 
thus allowing the instrument to be bent at an angle; the slage (S), which is at- 
tached firmly to the arm, containing in its centre an opening through which light 
reflected by the mirror (0) can pass; the iris diaphragm- (Q), by means of which 
the amount of light allowed to pass through its opening to that of the stage is 
regulated; the clips (N), by means of which the slides are held firmly on the 
stage; the main tube (D), in the upper end of which telescopes the drazv tube 
(H) ; the upper end of the draw-tube, into which fits the ocular lens (G) ; the 
lower end of the main tube, into which is screwed the objective lens (F) or the 
nose-piece (E) ; the rack (/) and pinion (K) arrangement of the coarse adjust- 
ment screzv, by means of which the lower end of the main tube (carrying the 
objective lens) is raised from or lowered toward the stage; the fine adjustment 
screw (L), by means of which the instrument is focused on the specimen; the 
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screw (R), by means of which the diapliragm is lowered from or raised to the 
stage; the mirror-bar (P), by means of which the mirror may be regulated in 
order to reflect the light. He should then take the box or boxes containing the 
lenses from the microscope case, and examine and compare the lenses, noticing 
the eye-pieces (or oculars)and objectives, the number on each lens. He should 
at all times remember that the lower the number on the, lens the lower the magni- 
fying power. If the lens be designated by a fraction, the lower the numerical 
value of the fraction the higher the magnifying power. (N. B. — The student 
should appreciate the value of a microscope, and handle it as gently and take as 




Fig. 6. 

B B, Continental Microscope (Bansch and Lonib Opt. Co.) 

A, foot or base of stand: B, pillar; C, arm; D, main tube; Ej triple nose-piece; F, objective lens; G, eye- 
piece or ocidar lens; H, draw tulie; Jj rack; A', pinion; L, bne adjustment screw; A^, clip for holding slide 
upon the stage; O, mirror; P, mirror attachment arm: O, suostage attachment consisting of Abbe conden- 
ser and iris diaphragm; A', screw for lowering or raising the substage attachment; S, stage; T, hinge joint. 

much pride in its care as if it were his own property. When he starts to work 
in the laboratory he should take the instrument and its attachments from the case, 
examine carefully, and if anything be missing or injured notify one of the 
demonstrators. While using the instrument, he should not jam the objective lens 
against the stage or specimen, or roughly use the fine adjustment screw. Before 
leaving the laboratory he should remove the lenses from the instrument and replace 
them, as well as the microscope, in their respective cases. When using slides and 
cover-slips, he should be careful to have them clean. He should have a good 
sketch-book, in which he should sketch what he sees through the misroscope. He 
should constantly bear in mind that in order to derive the most benefit from a 
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course in practical histology one must be patient, exact, careful, and use clean 
apparatus.) 

After having- studied the construction of the microscope, become familiar 
with its use by performing the following experiments : 

Experiment 1. On a clean slide put a drop of water, in which ])lace a few 
fibres of linen, and examine with the low ])ower. Sketch the fibres as they appear. 
Look for air bubbles; if any be found sketch them. Endeavor to look through 
the microsco])e with the left eye, keeping the right eye open and looking upon the 
paper upon which you sketch. As you thus look, sketch the image as it appears 
to be seen upon the paper. 

Exp. 2. As in Exp. 1, prepare a few fibres of silk thread, examine with the 
low power, and sketch. Then remove the slide from the stage of the microscope, 
and carefully tease apart the fibres with teasing needles ; cover with a cover-slip 
and examine, first with the low power, then \vith the high, sketching what is seen 
under each power. 

Exp. 3. (3n another slide ])ut a drop of a strong solution of sodium chloride 
( table salt ) . Allow it to dry, then cover with a cover-slip and examine with both 
])owers, low and high, and sketch the crystals as seen. Repeat the experiment, 
using a weak solution of sodium chloride. Heating gently over the flame of a 
Bunsen burner or of an alcohol lamp will facilitate drying. 

Exp. 4. In the same manner as in Exp. 3, prepare, examine, and sketch crys- 
tals of potassium bichromate. 

Exp. 5. In order to measure specimens or portions of specimens a scale 
should be prepared as follows : 

Place a stage micrometer ( Gr. /tiKpos, small: jierpov, to measure) (which is 
a slide ujion which are ruled straight lines y^nr ^^d yo'iju inch apart, or yV and y^^- 
mm. ajr-irt) upon the stage of the microscojje, and with the left eye to the instru- 
ment and the right eye looking at a ])lain card on the desk near the foot of the 
microscope, examine with the high power. iVs the lines appear jirojected on the 
card, with a sharp-pointed pencil mark their apparent distance fronr one another, 
and rule later Avith ink. On the card, besides the distance of the lines ai)art, put 
the number of the eye-piece, that of the oljjective, and the length of the tube. The 
scale thus prepf red should be frequently used during the course, care being taken 
that, when measuring objects, the eye-piece, the objective and the length of the 
tulje be the same as when the scale was jirepared. 

Exp. 6. C)n a slide put a small drop of milk, and cover \\ ith a cover-slip. 
Examine, measure, and sketch several oil gloljules, under high ])ower. 

Exp. 7. If during the previous experiments you have been unable to observe 
air bubbles, ])ut a drop of saliva on a slide, cover and examine. Sketch several air 
bubbles. 

Exp. 8. Examine a stained and mounted s])ecimen of an onion tij), or of the 
larva of a salamander, or of a newt. Study and sketch a cell illustrating the typi- 
cal structure of a cell. 

Exp. 9. In the same specimen as used in lvxi>. 8, look for and sketch cells 
showing the different stages of karyokinesis. 



CHAPTER II. 

THE BLOOD. 

The blood is a tissue, in which the cellular and the intercellular substances 
are of equal importance ; but as the intercellular substance is a liquid, the liquor 
sanguinis or plasma, it presents no characteristics when viewed with the micro- 
scope. Hence the histology of the blood consists of the study of its cellular ele- 
ments, the corpuscles. The corpuscles of the blood are three in variety : 

The colored corpuscles. 

The colorless corpuscles. 

The blood plaques. 

The colored corpuscle, commonly known as the red corpuscle, is a small 
biconcave disc, the average diameter of which is 7.7/jl'-^ or -^^\,jj inch, and it is 
about one-sixth as thick as its diameter. Its surface view appears round ; its edge 
view appears larger at the periphery than at the centre, .giving an ap])earance 
somewhat similar to the variety of pastry known as "lady-finger." It consists 
of a pale yellow-colored mass of modified protoplasm, enclosed by a limiting 
membrane or cell wall, and does not possess a nucleus. The structure of the pro- 
toplasm of a colored corpuscle is still a debated question. The theory commonly 
held, and which has not been replaced, is that there is a highly elastic and pliable, 
apparently homogeneous network, termed the stroma, holding within its meshes 
the coloring matter, haemaglobin. Haemaglobin consists of colorless substance 
known as globulin containing a pigment termed hematin, which is a dark brownish 
red amorphous substance containing all the iron of haemaglobin. If hematin be 
treated with hydrochloric acid a crystalline substance termed hcmin or hydro- 
chlorate of hematin, (Teichmann's crystals) is formed. As this occurs even with 
small quantities of old dried blood it is of great importance in medico-legal cases. 
Special attention is called to a substance termed haematoidin, which occurs as 
crystals in old blood-clots retained within the body, as in some cases the crystals 
may be seen in prepared sections of some of the organs of the body, especially if 
the organs had been congested before death of the person or animal from whom 
the organ had been obtained. Singly the corpuscles appear pale yellow in color, 
while in bulk they appear red. Although a colored corpuscle does not possess a 

nucleus, on examination an error of supposing it to con- ^ ^^^^^^ 

tain a nucleus might arise due to the peculiar shape of ( ^ ) i^Wj 

the corpuscle. The surface of the corpuscle being con- ^ T 

cave, when the microscope is focused on the centre the „,. , "^J '' , 

' i Ihe colored corpuscle. 

peripheral portion is not in focus ; the centre appears <"> PJ^'jiJ^'=r>' f'^'^^*°"""' "'^ 



* fx= )j.iKpov- ^^T^^ of a millimeter. 
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-^ a 

Fig. 8. 
Colored Corpuscles. 
a, rouleaux; h, edge view of a 
single corpuscle. 



bright, the periphery dark (Fig. 7,1)). On the other hand, when the instrument is 
focused on the periphery the central portion is not in focus : the periphery appears 
bright, the centre dark (Fig. 7, a)- Thus the colored corpuscle appears to possess 
a nucleus, but the appearance is due to an error of refraction. The colored 
corpuscle in its early stages of development, possesses a nucleus which it loses 
before it enters the circulation, and becomes a "metamorphosed" or atypical 
cell. In blood, soon after it is drawn from the body, the colored corpuscles are at- 
tracted to each other, their concave surfaces coming 
in contact, giving an appearance similar to that of a 
roll of coin. This is known as the roitleaux condition 
(Fig. 8), which is physical, occurring only under ab- 
normal circumstances, such as having the blood out- 
side the blood vessel. A similar condition may be pro- 
duced by putting small pieces of cork, which have previously been covered with 
oil, into water. After a short space of time the rouleaux break apart, and the 
corpuscles float about singly and as evaporation of the liquid portion of the blood 
occurs, the colored corpuscles become shriveled or shrunken, and are said to 
be crenated. The colored corpuscle is elastic or pliable, as may be seen on exam- 
ining a fresh specimen of blood. The corpuscles may be observed to be squeezed 
through spaces left between neighboring masses of cells (Fig. 9, a) ; or its elas- 
ticity may be observed on examining the circulating blood in a capillary network, 
when a corpuscle may be seen to be caught at the junction of two capillaries, part 

extending into one capillary, while another portion 
extends into the other, or a corpuscle may be seen to 
be squeezed along a capillary, the diameter of which 
is less than that of the corpuscle. The colored cor- 
puscles are very numerous, as estimated by means of 
the hacniacytovneter (Gr. alim. blood; kPtos cell; 
jxirpov to measure), being about five million to the 
cubic millimeter in man, and about four million five 
hundred thousand in woman. 

The colorless corpuscle, also known as the 
white corpuscle or leucocyte (Gr. XeuKos, white; kStos, 
cell), although found in the blood, is not restricted to 
it, and may be found in other tissues of the body, espe- 
cially in the lymphoid structures. It consists of a gelatinous, 
granular mass of protoplasm, in which is imbedded 
a nucleus, and sometimes more than one nucleus. A leuco- 
cyte which contains one nucleus is termed a mononuclear, 
and one containing two or more nuclei as a polynuclear 




Fig. 9. 
Showing elasticity of colored 
corpuscle. 
One corpuscle ( c ) being 
squeezed, by the current in a 
freshly prepared specimen 
of human blood, between two 
others ib' and b) ; after being 
squeezed through the narrow 
space, it again assumes its 
norn;al shape. 



'^^ 






Fig. 10. 

Crenated colored cor- 
puscle. 
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corpuscle. In many leucocytes the nucleus consists of several masses joined to 
each other by delicate strands, such leucocytes being termed polymorphonuclear 
leucocytes. The leucocyte is a living mass of protoplasm, and is enclosed by a 
slight condensation of the peripheral portion of the proto- 
plasm, which may be considered as a cell wall. The lim- 
iting membrane, probably formed by granules of spongio- 
plasm in close contact, is thin, and allows the corpuscle 
to assume various shapes due to the movements of the 
enclosed protoplasm. (See Chapter 1.) The leucocyte 
possesses the power of movement to a high degree. At 

,,„.-,,. . . . Fig. 11. 

rest it is round {big. 11, a) ; m motion it assumes various Leucocytes of a freshly 

drawn specimen of blood. 

shapes (Fig. 11, b), thrusting out arm-like projections, (a) at rest; (fc) in motion. 

pseudopodia (Gr.i/zeuS-^s false ;7rd8es feet), resembling in its movements those of an 
amoeba ; hence the movements are termed amoeboid. The leucocytes are larger 
than the colored corpuscles, their average diameter being 10/a or ytoo inch, but 
fewer in number, the proportion being about one leucocyte to from three hundred 
and fifty to five hundred colored corpuscles. The proportion of leucocytes in 
the blood increases during digestion ; diminishes during a fast. As a rule, they 
are more numerous in venous than in arterial blood. Hemorrhage increases the 
proportion of the colorless corpuscles to the colored. If freshly-drawn blood be 
mixed with a few torulae, and the preparation be kept warm by means of a warm- 
ing stage, the leucocytes thrust out arm-like processes, termed preudopodia, which 
enclose the torulae. In this manner the colorless corpuscles have the power of 
taking up substances, and canying them to be utilized or eliminated. This power 
of swallowing gives to the leucocytes, which act so, the name phagocytes (Gr. <^aya), 
to devour; kCtos, cell). The leucocytes, owing to their ability to perform amoeboid 
movements, are capable of passing out from the blood vessels into the tissues, and 
vice versa, and are then known as wandering cells, and may be appropriately 
t&rva&d planetocytes (Gr. -n-Aaiii^Tos, wandering; kStos, cell). The human leucocyte 
acts like an amoeba under favorable conditions, being most active at 38° to 40° C., 
sluggish at 20° C. Its movements are accelerated by an alkaline or neutral me- 
dium ; retarded and stopped by an acid medium. 

^CLASSIFICATION OF THE LEUCOCYTES. 
The leucocytes of normal blood may be divided into the following types : 

*In order to understand the classification of the leucocytes, it is necessary to know something about 
the predilection of certain granules of the protoplasm for certain stains. 

The dyes which are used for staining blood may be classed under three heads — acid, basic and neutral. ' 

Acid Dyes are those which have an acid_ reaction, examples of which are Orange G., Acid Fuchsin, and 
F^osin. The granules of the protoplasm which take up the acid dyes are said to be Eosinophilic or Oxy- 
philic. 

Basic Dyes are those which have an alkaline reaction, examples of which are Methylene Blue, Me- 
thyl Green and Dahlia. The granules which take up the basic dyes are said to be Basophilic. 

When one of the basic dyes is added to an acid-dye .t neutralization occurs, a precipitate is formed 
which will stain structures not distinctly colored by either of the dyes which have been brought together. 
The granules of the protoplasm which stain with this neutral stain are said to be Neutrophilic or Ampho- 
philic. The neutral color obtained as just mentioned is soluble in an excess of the acid dye; therefore, if 
care be taken, a staining fluid can be obtained which would have three color values — acid, basic and neu- 
tral. Metliyl green contains two extra radicals which can unite with acid or acid dyes. This is the 
principle involved in making up Ehrlich's triacid stain, in which one radical of methyl green unites 
with Orange G., the other with acid fuchsin. 
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Lymphocytes — Form about 22 to 25 per cent, of the leucocytes, and vary in 
size from about 7.5 /x to 14 /x. The smaller ones are known as small lymphocytes, 
while the larger ones are known as the large lymphocytes. The nucleus nearly fills 
the cell. 

Large mononuclear cells — Form about 1 per cent, of the leucocytes, and 
varying in size from about 14 /x. to 20 /x. They possess each an oval nucleus and 
quite a broad rim of protoplasm. By some they are classed as large lymphocytes. 

Transitional cells — Form about 2 to 4 per cent, of the leucocytes, and are 
about the size of the preceding type. The nucleus tends to assume a horseshoe 
shape. 

Polymorphonuclear neutrophile cells — Form about 65 to 75 per cent. 
of the leucocytes, and are about 10 /x in diameter. The nucleus may be of an irreg- 
ular form, usually S shaped, or may consist of several oval portions connected 
together by delicate chromatic threads. In some cases it is impossible to observe 
any chromatin filaments connecting the oval portions, thus presenting an appear- 
ance of several nuclei, giving a polynnclcar type of leucocyte. In the protoplasm 
there are small neutrophile granules. 



.O 



Is '• ' .r~.^ ai: yf- >. 
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Fig. 32 — From a freshly preliarcd, unstaineil spccimtMi of Iniman Mood. 
Three leucocytes, an eosinophile, a pfdynuclear. and a lymphocyte, arc represented. 
Many red blood cells, some "on the flat," some in rouleaux and in profile, are also shown. 
X 1200, but reduced somewhat in reprfxluction, (After Schafer.) 

Eosinophile cells, occurring in small numliers, are about 2 to 4 per cent. 
of the leucocytes, and are very similar to the preceding type in size and shape 
of the nucleus. They are the most actively amoeboid of all the leucocytes and 
are characterized by the presence in the protoplasm of large, coarse granules, 
which stain readily with the acid dyes, acid fuchsin and eosin. 
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Basophile cells, being also known as Mast cells, are very few in number, 
being about .25 to .5 per cent, of the leucocytes. They vary in size from 7.5 
/A to 10 or 12 fi., and contain m the protoplasm granules, which stain readily with 
basic dyes, as methylene blue, methyl green and dahlia. 

The blood plaques of Bizzozero, the third variety of blood corpuscles, 
are flat, circular, colorless particles 2 yn to 3 /^ in diameter, or about one-third 
the diameter of the colored corpuscle, and are present in the proportion of about 
1 to 30 colored corpuscles. 

If a drop of blood be allowed to coagulate, on microscopical examination 
1 network of fibrin may be observed. 

THE ACTION OF REAGENTS ON THE BLOOD 
CORPUSCLES. 

After freshly drawn blood has been kept on a slide for a short space of 
time the colored corpuscles become shrunken or shriveled up, giving an appear- 
ance known as crenatcd. This condition may also be brought about by passing 
a stream of air under the cover slip, or by treating blood with a solution of 
sodium chloride. 



Sodium chloride... <] 



( causes creuation of colored corpuscles, 
weak solution... < 
I ( no effect on colorless corpuscles. 



I r causes marked crenation of the colored corpuscles. 

(_ strong solution 

i causes slight shrinkage of the colorless corpuscles. 



Water . 



f on the colored corpuscle- 



- on the colorless corpuscle 



causes it to swell, lose its discoidal form and become 
spherical. At the same time the coloring matter passes 

I out, leaving an almost transparent limiting membrane, 

[the "ghost" of the corpuscle. 

' the amoeboid movements cease, the processes of the cell 
are retracted, the cell becoming spherical. 
The protoplasm becomes more .granular, the granules 
exhibiting the Brownian movements due to being sus- 
pended in aliquidof less density than that of the plasma. 
The nucleus appears clear or slightly granular. Swell- 

,ing of the cell may be so great as to cause rupture. 



Acetic acid. 



Ton the colored corpuscle, acts similar to water. 

1 on the colorless corpuscle, the protoplasm becomes 
[clear, and the nucleus more pronounced. 



weak solution — the coloring matter escapes, and coagu- 
late-i, adhering to thelimiting membrane. 

Tannic acid, on the colored corpuscle { strong solution — the coloring matter coagulates within 

I the corpuscle, and presents the appear- 

I ance as if the corpuscle possesses a 

I, nucleus. 
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The coloring matter of the colored corpuscle may also be driven out of the 
corpuscle by heating the blood to a temperature of about 60° C. ; by freezing 
and thawing the blood; by chloroform or ether vapor, and by introducing the 
serum of one animal into the blood of another, which is probably due to a differ- 
ence in density or alkalinity. 

Experiment 10. After having cleaned a slide and a cover-slip, prick with 
a sharp-pointed needle the end of a finger, or the lobe of an ear. Press the 
cover-slip against the bleeding point, and quickly put it upon the slide, so that 
the drop of blood will be between the cover-slip and the slide. Examine with 
the high power, (a) Notice the numerous colored corpuscles; the color of a 
single cori:)Uscle. Sketch a colored corpuscle seen flat, and one seen in profile. 
Measure two or three, (b) Focus on the periphery of a colored corpuscle, then 
on its centre, and sketch, (c) Notice and sketch rouleaux, (d) Look for color- 
less corpuscles, and notice the scarcity of, and the difficulty experienced in find- 
ing, them, (e) Compare a colorless corpuscle with a colored one, noticing the 
difference in size and color. IMeasure two. (/) Look for crenated colored cor- 
puscles and blood plaques. The best results can be obtained by using the y'7^ ob- 
jective. 

Exp. 11. A fresh specimen of blood should be obtained, as in Exp. 10, the 
cover-slip taken off, and the specimen laid aside for ten minutes, then examined. 
Notice and sketch a portion of the network of fibrin. 

Exp. 12. Stain a specimen of blood by the eosin-methylene blue, Ehrlich's, 
Jenner's, or Wright's method (see appendix). Look for colored corpuscles, the 
different types of leucocytes, and blood plaques, and sketch several when found. 
Notice the darker-stained rim at the periphery of the protoplasm of the leuco- 
cytes. Sketch. 

Exp. 13. Stain, mount, and preserve a specimen of blood as follows: 

Obtain a fresh specimen of blood on a cover-slip as in Exp. 10, and c^uickly 
put the cover-slip against another slip, so that the blood will be between the slips. 
Press them firmly together, and gently draw apart, and pass them through the 
following process : 

1. Put into alcohol (95 per cent.) for thirty seconds. 

2. Transfer to haematoxylin for two or three minutes. 

3. Rinse in distilled water. 

4. Then into eosin for two minutes. 

5. Rinse in distilled water. 

6. Transfer to alcohol (95 per cent.) for one minute. 

7. Blot with biljulous water. 

8. Put on a drop of balsam, and gently lower the slip, blood side down, 
upon the slide, and label. 

Sketch several of the colored and colorless corpuscles. Look for an eosino- 
phile. 

If the specimen l.ie not colored enough, it may be left a longer length of time 
in either or both stains, as the time re(|uired for proper staining depends upon 
the strength of the staining solutions used. 







M 3 — Microphotograph of stained human lilood x 850. 
ed coi-jjuscles in focus showing light centre; a, red corpuscles, centre not in focus, 
appearing dark; c. mononuclear leucocyte; d, large lymphocyte; c. polymorphonuclear 
leucocyte. 




AT 4 — Microphotograph of stained frog's hlood x 670. 
a, red corpuscles; h, puh'morphonuclear leucoc}'te; c . TiionrNuiclear leucocyte; d. lympho- 
cyte. 
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Exp. 14. Obtain a drop of frog's blood and examine it as in Exp. 10. 
Notice the biconvex shape of the colored corpuscle as seen on edge view, and 
look for leucocytes undergoing amoeboid movements. 

Exp. 15. Stain a cover-slip film of frog's blood by the eosin-methylene 
blue method. Examine under the high power and notice the differences between 
the colored corpuscles and those of the human blood. Look for the different 
kinds of leucocytes. Sketch. 

Exp. 16. A fresh specimen of blood should be examined on a warming 
stage (using an oil-immersion objective lens), and the ameboid movements of 
the colorless corpuscles closely observed. Sketch various shapes which you see. 
Instead of human blood, the blood of a frog can be used without the need of a 
warming stage. 

Exp. 17. Estimate the number of colored and colorless corpuscles in a cubic 
millimeter by means of a haemacytometer* under the supervision of one of the 
demonstrators. 

Exp. 18. Notice and sketch the effects produced on the corpuscles of the 
blood by a solution of sodium chloride ; by water, by acetic acid ; by tannic acid 
(weak and strong solutions). 



*A description of the haemacytometer and its use is aiven in the appendix. 



CHAPTER III. 

EPITHELIUM. 

Covering the exterior of the body and those surfaces (mucous membranes) 
which are directly or indirectly continuous with the exterior, there is a tissue 
termed epithelium. This tissue is composed principally of cells, which rest on 
a condensed portion of the underlying connective tissue, which condensed por- 
tion is termed the menibrana propria, or basement membrane. The intercellular 
portion of the tissue is very scant, consisting of cement substance sufficient to 
hold the cells together. Epithelium possesses no blood vessels, its nourishment 
being obtained by absorption of nutritive material by the cells from the under- 
lying tissue. Nerves have been demonstrated between the epithelial cells, but 
it is as yet doubtful whether they terminate between or within the cells. When 
the epithelium consists of a single layer of cells it is termed simple epithelium ; 
when it consists of several layers it is termed stratified epithelium. Of each 
kind there are two varieties, depending upon the shape of the cells, which are 
iqiiauioiis ( L. sqiiauia, a scale) and columnar. Of each variety there may be 
modified forms, termed modified epitheliitm. 

The classification of epithelium : 

o- , ( squamous. 
' \ columnar. 

oi tc 1 ' squamous. 
Stratified ', 

' columnar. 

transitional epithelium, 
goblet cells. 

ciliated epithelium. , 

Modified cuboidal 

10(1 " 

neuro " 

glandular " 

Simple souamocs epithelium — This tyjje occurs as a single layer of scale- 
like cells, each cell being flat, polygonal in sha])e, ])ossessing a distinct cell wall 
and nucleus. When viewed in their undisturbed relation, they present an ap- 

])earance similar to that presented by a pavement ; 
hence this type of epithelium is sometimes termed 
pavement or tessellated. 

This type of epithelium occurs only in a few 
localities, the chief of which are the alveoli of the 
lungs and the Malpighian bodies of the kidneys. 

Stratified souamoijs ei'itiielium — This type 
of ei)ithelium is com])osed of several layers or 
^trata, the tojiinost consisting of squamous cells. 
,, ,, . . j'". / , rhe lowest stratum, that restine unon the basement 

Cells contained in htijnan saliva. ' ""t> '■q"-'" m'- L'ac^^^l iiv,iiL 

*"' s",)'"J'"r''"cor'lu'cie'r' ""'' "'^ membrane, is composed of cells which are irregular 
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cuboidal in shape. There is a gradual change in shape from the cuboidal to 
the squamous in the successive strata passing from the lowest layer to the free 
surface. Depending upon the surrounding conditions, the topmost layers 

may be composed 
of cells contain- 
i n g proto]jlasm 
and nuclei, or of 
cells which have 
lost their nuclei, 
and whose pro- 
toplasm lias been 
converted into a 
horny-like ma- 
terial, termed 



Fig. 14. 

Surface view of stratified keratin, the Cclls 
squamous epithelium of a frog's 

skin, showing the tessellated ar- a nO'ea r in P" 

rangement and a stoma {s) . t 1 & 



as 



Fio. 15. 
Stratifi.ed squamous epithelium of a specimen of 

hum.'in vagina 
(a) uppermost Isyer consisting of flat cells: (c) 
lowest layer consisting of cuboidal shaped 
cells; (h) the .intervening strata consisting of 
irregular shaped cells; id) basement mem- 
brane. 



horny threads. 
The former type of stratified squamous epithelium occurs as a covering to those 
surfaces which are kept moist by secretions, as in the mouth, oesophagus, vagina, 
etc. The latter type occurs where the tissue is exposed to the atmosphere, as on 
the skin. Stratified squamous epithelium occurs more widely distributed in the 
body than the simple squamous variety, its chief localities being on the lining mem- 
brane of the mouth, oesophagus, and vagina and on the skin. 



Simple columnar epithelium — This type occurs as a single layer of cells 
resembling in shape small cylinders or columns. Each cell has a distinct nucleus, 
cell wall, and recticular protoplasm. On 
the free border of some of the columnar 
cells there is a striation, -the striations 
running for a short distance perpendicu- 
lar to the free border, giving a striated 
border or cubicular seam. The cells of 
the small intestine have the striated bor- 
der. Probably the striae have an im- 
portant bearing on the physiological 
process of absorption, and are little ca- 
nals leading from the free surface of the cell to its interior, dividing the bor- 
der into cubical masses of protoplasm. The chief localities where simple colum- 
nar epithelium occurs are the stomach and the intestines. 




Fig. 16. 
Simple columnar epithelicem of the intestine of 

a rabbit, 
la) isolated cells obtained by teasing; lb) a 
layer of cells in situ, (i) striated border 
or cubicular seam. 
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Fic. 17. 
Stratified columnar epitheli- 
tim of the vas deferens 
of a dog. 
(a) uppermost layer of cells 
(columnar); (c) lowest 
layer (culjoidalj ; (b) 
middle layer (irregular). 




Str.^tified columnar epithelium — This type consists of several layers or 
strata of cells, the topmost of which is composed of columnar-shaped cells ; the 

lower layers of irregular polygonal-shaped cells. This 
variety occurs in few localities, the chief of which be- 
ing a portion of the male urethra. 

Modified epithelium usually occurs as modifi- 
cations of simple or stratified columnar epithelium. 

There is a type of stratified epithelium known as 
transitional epithelium, on account of the cells of the 
lower layers rapidly assuming the form of the cells of 
the topmost layer. The topmost layer consists of cells 
which are flat with depressions in their under surface 
to fit over the large ends of the pear-shaped cells of the next layer. This type 
of epithelium appears to be a modification of stratified columnar epithelium, 
in which some of the cells of the columnar layer 
(pear-shaped) extend out and become flattened 
against the remaining pear-shaped cells, the under 
surface of the flattened cells becoming moulded over 
the upper ends of the cells of the underlying layer. 
This type is found in the ureter, bladder, and the 
prostatic portion of' the urethra. 

Ciliated epithelium in the human body is a 
modified form of simple or stratified columnar epi- 
thelium. The ciliated simple columnar type is found in few localities, the chief 
of which being the ventricles of the brain, the central canal of the spinal cord, and 
the oviducts. The ciliated stratified columnar type is found in the trachea and the 
epididymis. The cilia are protoplasmic projections from the free border of the 
:ell, being about twenty to each cell. The length of the cilia varies, depending upon 
the locality of the cells. In the epididymis, the cilia are longer than those of the 
trachea. The cilia possess the power of movement. The movements are of two 

kinds : a primary or sudden, and a secondary, which 
is the gradual return of the cilia to their original 
position. One cilium moves, then the motion is taken 
uj) by the next cilium, and so on, giving a resem- 
blance to a field of wheat as a flaw of wind passes 
over it. The cilia act most readily at the tempera- 
ture of the body, and act sluggish if the temperature 
be gradually lowered, ceasing to act at 0° C. Their 
action is increased if the temperature be raised to 
42°-46° C, and influenced by the presence of oxy- 
gen. Among the waste products formed during their activity is carbon dioxide. 
Narcotic reagents, as cliloroform and ether, cause their movements to l)ecome 



larnsitional eijitheliunt of the blad- 
der of a rabijit. 

(a) uppermost layer consisting of 
large flattenetl cells; (/?) middle 
layer composed of pear shaped 
cells; (c) cuboidal shaped cells 
resting upon a basement mem- 
brane making up the lowest 
la}'er. 




Fl.:. 19. 

Ciliated epithelial cells isolated by 

teasing from the trachea 

of a rabbit. 

(a) columnar sliaped cells; (c) cilia; 

('7) goblet cells expelling nut- 

cus. 
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Fio. 20. 
Ciliated stratified columnar epithelium, 
(A) of the trachea of cit; • B) of the epididymis 
of a rat; (a) columnar shaped cells; (c) cili- 
ated border; (y) goblet cell. 



sluggish. Poisons, such as nicotine, when 

constantly applied to' the cilia, retard 

their movements and eventually cause 

their cessation and death. 

Goblet cells are modified forms of 

columnar cells, and may occur in simple 

columnar epithelium (intestines) or in 

the topmost layer of stratified columnar 

epithelium (trachea). The goblet cells 

originally exist as columnar-shaped cells whose protoplasm contains mucigen. The 

cell absorbs water, which acts on the mucigen, forming mucin, which causes a 

swelling of the protoplasm to such an extent that the 
cell wall ruptures. The rupture takes place at the free 
border of the cell, that being the place of least re- 
sistance. The rupture of the cell wall allows the mucin 
to escape, the cell remaining somewhat goblet-shaped, 
with its protoplasm and nucleus in the portion of the 
cell near the basement membrane. There are other 

forms of modified epithelium, such as the cuboidal, 

which is composed of a layer of cube-shaped cells, 

modified forms of columnar cells ; rod epithelium, 

which are columnar-shaped cells, striated at their outer 

border; "glandular epithelium," and "neuro epithel- 
ium," which are epithelial cells modified for the pur- 
pose of performing special functions. 




Fio. 21. 
Rod epithelium, 
t.a) of a convoluted tubule of 
the kiney; ib) of a duct of 
salivary gland. 




Fig. 22. 
Specialized epithelium. 
\cj glandular epithelium of an 
acinus of a mucous gland; 
(6) neuro-epithelium of a 
ta.«te bud of the tongue of a 
rabbit. 




I'iG. 23. 
Endothelium from mesentery or a cat. 
(e) endothelial cell; (») nucleus; (s) stoma; (sO 
stigma; (g) rim of small granular cells around 
tlie stoma. 



ENDOTHELIUM. 

Endothelium is a tissue similar to 
simple squamous epithelium, ' but oc- 
curs as a lining to the cavities which 
are not continuous with the exterior of 
the body. It is found lining the serous 
cavities, blood-vessels and lymphatics. 
It consists of a layer of flat polygonal- 
shaped cells, held together by cement 
substance. In the cement substance 
are small openings, known as stomata, 
and collections of cement, known as 
pseudo-stomata, or stigmata. Stomata 
are not restricted to endotheHum, as 
they may exist in epithelium and 
may be found in the cement sub- 
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Ihc. 24, 
Several alveoli of the lung of a kitten 
which has been stained with silver 
nitrate, showinir the outlines of the 
simple squamouis cells in whch are 
stomata (s) and stigmata is^). 



Stance between the cells on the surface of the skin of a frog (Fig. 14), and 
between the simple squamous epithelial cells lining the alveoli of the lungs (Fig. 

24). Therefore, the main difference between en- 
dothelium and simple squamous epithelium is one 
of location, the former existing as a lining to 
cavities not exposed to the atmosphere (serous 
cavities and vessels) ; the latter as a lining to 
some of the surfaces which are in communica- 
tion with the exterior of the body. 

Exp. 19. Put a drop of saliva on a clean 
slide, cover, and examine. Look for the squa- 
mous cells. When found, notice the distinct cell 
wall, the nucleus, and the protoplasm. Measure 
and sketch several. If any be found united to- 
gether, sketch them. Look for salivary cor- 
puscles, and notice the similarity which exists between them and the colorless 
corpuscles of the blood. Notice the air bubbles. Allow a drop of eosin to run 
under the cover-slip, and examine the specimen again. 

Exp. 20*. Examine a strip of skin which has been peeled from the body of 
a frog, stained with carmine or by the Van Gieson method, and mounted. Notice 
the pavement-like arrangement of the cells. Look for stomata. Sketch. 

Exp. 21. Stain with haematoxylin and eosin, and mount a section of mucous 
membrane of the vagina cut perpendicular to the surface, or one of the tongue, 
or of the oesophagus. Examine with the high power and notice the cells arranged 
in layers or strata. Notice the gradual change in shape from the cuboidal to the 
flat, as you examine the successive layers from the basement membrane to the 
surface. Notice that the cells on the surface possess nuclei and protoplasm. 
Sketch. 

Exp. 22. Upon a clean slide put a drop of glycerin, and into it put the 
scraping from the inner lining of a small piece of a rabbit's intestine which has 
been in a solution of potassium bichromate or 33 per cent, alcohol for twenty- 
four hours. With teasing needles tease apart the scrapings ; add a drop of haema- 
toxylin, and examine. Notice the simple columnar cells held together and singly. 
Measure and sketch. Cement the cover-glass and label. For a temporary mount 
the scrapings may be put into a drop of water or normal salt solution on a slide, 
covered and examined. 

Exp, 23. Stain and mount a section of small intestine. Look for and sketch 
under both powers the simple columnar epithelium as seen on the sections of the 
villi. 

Exp. 24. Examine a stained section of a rabbit's bladder or ureter, the sec- 
tion having been cut perpendicular to the surface. Sketch the transitional epithe- 
lium as seen in situ. 



*The methods for yjreparing specimens are given in the appendix. 



■^^ 



m: m 




M 5- -Micr(M'l"t"toKra|ili nf a pifce of the upiK-r lavL-r of a frog's "shed, 'J illustrating ihe 
pavtmciit like arrangement of squamous eint helium x 772. 
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Micinphotngraph of niucisa rif a human \agina x 490, illustrating stratihed ^quaiiiMUs 

riiithtlium. 
Is of different strata; h. lowest layer; c, connective tissue of the tunica lirn]jria. 
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M 7~ Micrni.hntnf^rapb of an intestinal villus x .V^O. 
lial portion of the mucosa, illustrating the simple columnar epithelial cells and 
r striated liord-.M" and pithlet cells, one of which is especially distinct at ihe 
est part of the left border of the villus; h. transverse section of a ca]iillary Idood 
icl near the membrana propria; c. tunica propria showing ciuinective tissue, lym- 
iil cells, and vessels. 
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M 8— Microphotograph of a section of a human trachea x 5U0, illustrating the ciliated 
stratihed columnar epithelium of the mucosa. 




M 9- MicrophotciR-raiih of a iturtmn nf tht- mucosa nf tlic uriiiar}- hladdir x bJD, illustrat- 
ing transitional t-iiithrliuni. 
a. topmost flattcncil cells; b, pei^'r-shaped cell of layer next to the trumiost layer. 



MANUAL OF NORMAL HLSTOLOGY. 21 

Exp. 25. As in Exp. 22, prepare scrapings from a cat's trachea. 
Look for ciliated and goblet cells. Sketch. 

Exp. 26. Examine the scrapings from the tongue of a living frog which have 
been teased apart in a drop of a dilute solution of potassium bichromate on a slide. 
Look for cilia in action, and notice that the ciliated cells are squamous and not 
columnar, as in the human body. 

Exp. 27. Examine a stained transverse section of the trachea. Look for and 
sketch ciliated stratified columnar epithelium and goblet cells. 

Exp. 28. A piece of the frog's mesentery should be rinsed in distilled water, 
then treated with a 1 per cent, solution of silver nitrate, rinsed again, put into 
alcohol and exposed to the sunlight. When of a brown color, it should be 
removed from the alcohol, 'carefully spread upon a clean slide and mounted with 
balsam. Examine for endothelial cells. Notice that the cement substance is 
stained brown, showing the outlines of the cells. Look for stomata and stigmata. 
Sketch. 



CHAPTER IV. 
SUPPORTING TISSUES. 

In progressive evolution, as we pass from the study of the unicellular organ- 
isms in which the vital functions are performed by a mass of undifferentiated pro- 
toplasm to that of the higher classes of animals, we find certain tissues set apart 
for the performance of each of those functions. There is one set of tissues for the 
purpose of assimilation, another for elimination, another for motion, etc. To bind 
the various sets of tissues together, furnishing a means of connection and support, 
there is a set of tissues termed by some connective; by others, supporting. To 
avoid the confusion which might arise by giving to a set of tissues, and a subdi- 
vision of the set, the same name, in this work the term sxipporting is applied to the 
set of tissues, reserving the term connective for a subdivision of the set. The sup- 
porting tissues may be arranged in five classes : 

1. Connective tissue. 

2. Anomalous connective tissue. ' 

3. Cartilage. 

4. Bone. : 

5. Dentine. 

These tissues are derived from the mesoblast of the embryo, and have a 
genetic relation ; i. e., as a rule, cartilage replaces connective tissue, which in turn 
is replaced by bone. This relation can be better seen by observing analogous 
structures in different animals. In the human subject the tendo Achilles is com- 
posed of connective tissue; in the frog it is composed of cartilage; in fowls the 
tendons of the leg muscles are composed of bone. 

In these tissues the cellular elements are more or less similar, while the in- 
tercellular substance varies. In the supporting tissues of the embr^-o the cellular 
elements are numerous and can be easily observed, while the intercellular sub- 
stance is scant. As the tissues pass on to their adult forms, the cellular ele- 
ments become less conspicuous ; while the intercellular substance becomes greater 
in amount and more conspicuous, so that in the adult forms of the supporting 
tissues the intercellular substance is more abundant and seems to be of more 
importance than the cellular. Depending upon the requirements of the tissues, 
the intercellular substance may be tough, elastic, resistant or hard. 



MANUAL OF NORMAL HISTOLOGY. 



23 




CONNECTIVE TISSUE. 

This variety of supporting tissue is widely distributed throughout the body, 
and consists of cells termed connective tissue corpuscles, and an intercellular sub- 
stance composed of fibres. 

Connective tissue is arranged into five varieties : 
White fibrous tissue. 
Yellow fibrous or elastic tissue. 
Areolar tissue. 
Adipose tissue. 
Retiform tissue. 

White fibrous connective tissue occurs chiefly in tendons. It is composed 
of parallel bundles of fibres. The fibers are composed of smaller fibres termed 
fibrillae, which are held together by cement substance. A fibrilla appears as a 
fine, delicate, wavy line ; is 0.5 /x to 1 ;«. or 
TTffUo" ^"^ YTU'ffT inch in diameter, and does 
not branch. Although a fibrilla does not 
branch, it may pass from one fibre into an- 
other giving an appearance as if it did 
branch. Between the fibres are the connec- 
tive tissue corpuscles, which appear flat on 
surface view, and appear to possess pro- 
jections when seen on edge view; the pro- 
jections of the cells and the cells separate 
the neighboring fibres from one another. 
On cross-section a tendon would be seen to be composed of bundles of fibres, 
termed fasciculi, and each fasciculus composed of fibres between which are 
the connective tissue corpuscles, and each fibre composed of fibrillae between 
which is cement substance. Between the fasciculi is areolar connective tissue. 
The white fibrous tissue yields gelatin on boiling. 
When treated with acetic acid the fibres become 
swollen and indistinct. White fibrous tissue is 
tough, inelastic, opaque and glistening white. 

Yellow fibrous tissue, sometimes termed 
elastic tissue, is found chiefly in the ligaments. 

It also occurs in blood-vessels, being well 
marked in the large arteries. It consists of bun- 
dles of fibres ; the bundles and the component fibres 
branch. The bundles of fibres are smaller than 
those of the white variety. The fibres are com- 
posed of smaller fibres, the fibrillae, which, as com- 
pared with the fibrillae of the white fibrous tissue, 
are larger, being -jTiiTT to -giyoT inch in diameter; 
have more distinct outlines; possess pronounced 



Fig. 25. 
\^'l)i(e fibrous tipsue frjiii a tendon of rat's 
tail, (r(^ obtained by teasing in dilute salt 
solution, [b) I'y staining' (c.) connective tis- 
sue corpuscles; (f) fibrillae. 
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Kjg. 26. 
(a) transverse section of white fi- 
Irous connective tissue from a 
specimen of the skin of the fin- 
ger; (/) areolar connective tis- 
siie surrounding a bundle or 
fasciculus (b) of fibres; (c) 
connective tissue corpuscles of 
white fibrous tissu^?, dividing off 
the fibrillae into fibres. 
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curves, and branch. On transverse section each fibrilla can be distinctly seen. 
This variety of tissue is tough, elastic and of a yellowish color, and contains an 
albuminoid substance termed elastin. 






Fig. 27. 
^'cllovv fibri>us tissue from the ligijn^entuim niicliae of :in ox. 
(a) fresh .specimen teased apart showing the fibrilla-: (l>) branching filirillae; (c) a transverse section 
of I'g.-imentum nucliae showing cross sections of tlie fibrillae id); f, net work of areolar connec- 
tive tisstte; in) nucleus of connective tissue corpuscle. 

Elastic tissue (yellow fibres), in some instances, instead of being disposed 
in bundles, forms a network, in which are small spaces, forming what is termed 
a fenestrated membrane. If there be no spaces left between the fibres, a mem- 
brane is formed, such as Descemet's membrane of the eye. 

Areolar tissue consists of white and yellow fibrous tissue, the former pre- 
dominating. The fibrillae, instead of being ar- 
ranged in parallel bundles, run in all directions, 
forming a delicate, close-meshed network. In 
the network some of the fibrillae may be col- 
lected together forming fibres. Connective tissue 
corpuscles exist in the network, occupying irreg- 
ular-shaped spaces between the fibrillae. 

Adipose tissue is areolar tissue, in which 
the connective tissvie corpuscles have been in- 
vaded by fat. Small globules of fat are depos- 
posited in the protoplasm of the connective tis- 
sue corpuscles and coalesce, theamount 
increasing to such an extent that the 
protoplasm and the nucleus are pushed 
toward the cell wall. If the tissue 
be treated with ether the fat will be 
dissolved, and the protoplasm and nu- 
cleus of each cell will be seen as a 
layer closely applied to the cell wall. 
Retiform tissue is similar to 

Fig. 29. , 

Adipose tissue from the mesentery of a cat. areolar tissuc, exccpt that the fibrillae 

(a) fat cells; (,.') fat cry.stals; ((,) f.it cells more fgrm a loOSC IlCtwOrk instead of a 

hig/ily magnilied showing protoplasm and nu- ^ ,, v^i i-,. xn^ i.\.,civ.i \j l ti 

cleus pushed to the cell wall; yf) areolar tissue close One 

network containing connective tissue corpuscles. ' * 



Fig. 28. 
Areolar connectiv,' tissue obtained from 
the subcutaneous tissue of a cat, 
stained with haematoxylin. 
(a) bundle of white fibrous tissue; (b) 
network of librillae; (c) connective 
tissue corpu.scle; (e) elastic libres. 
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M 10 — Microphotf);<raph of a portion of a section of pifi-embryo x 490, illustrating embry- 
onic connective tissue. 




M 1 1 — Microphotograph of a portion of a cross section of the ligainentum nuchae of 

an ox X 580. 
a, areolar connective tissue; h, connecti\e tissue corpuscles; l'. extension of connective 
tissue separating bundles of fibres; d. transverse section of elastic fibre. 
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Fio. 30. 
Embryonal connective tissue 

of an einliryo-pig. 
(a) connective tissue corpus- 
cle; (a) capillary con- 
taining blood corpuscles. 



ANOMALOUS CONNECTIVE TISSUE. 

Anomalous connective tissue is connective tissue 
which, while passing from the embryonal to the adult 
form, becomes arrested in its development, or has di- 
verged from the normal mode of development. There 
are three varieties : 

Vitreous. 
Myxomatous. 
Adenoid. 

Vitreous tissue (L. vitriim, glass) starts as a mass of cells, which secrete 
an albuminous intercellular substance, and then disappear. As the structure of 
this tissue cannot be seen with the microscope on account of its transparency, it 
is said to have no histological structure. It occurs as the vitreous humor of 
the eye. 

Myxomatous (Gr. /ivfa, mucous; 6/xo;, like), 
or mucoid tissue, starts as a mass of cells, which 
secrete a mucous-like intercellular substance, and-I 
branch, the branches joining branches of neighbor- 
ing cells. The tissue consists of a network of 
branching cells, between which is a mucous-like 

secretion, found in the umbilical cord as the "jelly Myxomatous tissue nbtainerl from a 

human umbilical cord. 

of Wharton" and in the placenta. 

Adenoid (Gr. aS^v, a gland) tissue consists of cells which send out projections 

which join and form a network. In many in- 
stances the cells cannot be recognized, and ap- 
pear as enlargements on the fibres of the net- 
work. Lymphoid tissue is adenoid tissue in the 
meshes of the network of which there are lymph 
corpuscles. 

Experiment 29. Take a tendon from the tail 
of a recently-killed rat, and notice that it is com- 
posed of bundles of fibres. Tease apart a fibre in a normal solution of sodium 
chloride on a slide, being careful while teasing to tease the fibre lengthwise, and 
examine with the low and then the high power. Notice the wavy fabrillae. 
Notice that they do not branch. Sketch. 

Exp. 30. Take a fresh fibre and place it in a normal solution of sodium 
chloride for about fifteen minutes, then transfer to alcohol (95 per cent.) for 
ten minutes, water for one minute, haematoxylin for three minutes, water for 
thirty seconds, alcohol (95 per cent.) five minutes. Carefully place the fibre upon 
a slide, put upon it a drop of balsam and cover. Look for and sketch the con- 
nective tissue corpuscles. 





Ft.:. 32. 
A portion of splenic pulp showing 
adenoid tissue (a) and lymphoid tis- 
sue (hi. 
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Exp. 3L Stain by the Van Gieson method a longitudinal and a transverse 
section of a tendon. Sketch under the high power, connective tissue corpuscles, 
and fibrillae. 

Exp. Z2. Examine a stained section of a portion of an embryo, and sketch 
the embryonic connective tissue cells. 

Exp. 33. Tease apart in a drop of normal saline solution on a slide a piece of 
the ligamentum nuchae of an ox. Notice the difficulty experienced in teasing 
it apart, and the elasticity of the fibres and fibrillae. Examine with the low and 
high power, and notice the distinct outlines and curves of the fibrillae. Look for 
branched fibrillae and cross-striations on the fibrillae. Sketch. 

Exp. 34. Examine and sketch a stained cross-section of the ligamentum 
nuchae. Notice the shape of the sections of the fibrillae, and the network of 
areolar tissue containing connective tissue corpuscles, between, and holding to- 
gether, the fibrillae. Sketch. If a cross section of the ligamentum nuchae is not 
available, cross sections of yellow fibrous tissue can be observed in stained sections 
of the spleen (or lymph glands). 

Exp. 35. Stain with Van Gieson stain a section containing areolar and 
adipose tissue. Sketch vmder both powers. 

Exp. 36. From a recently-killed animal obtain a small piece of the mesentery 
and spread upon a clean slide. Moisten with normal saline solution, cover and 
examine with the high power. Notice the membranous structure of areolar 
tissue. Look for adipose tissue. Sketch. 

Exp. 37. Stain another piece of mesentery with silver nitrate, mount and 
examine. Notice the irreguar shaped clear spaces for the connective tissue cor- 
puscles in the brown-stained membranous network. 

Exp. 38. Stain a piece of mesentery with osmic acid. ]\'Ieasure the fat cells 
and sketch. 

Exp. 39. Examine a piece of adipose tissue which has been in ether for 
twenty-four hours, and then stained with haematoxylin and eosin. Notice the 
cells with the protoplasm and the nucleus arranged as a layer against the cell wall. 
Sketch. 

Exp. 40. Sketch a portion of retiform tissue as seen in a stained and 
mounted section of the spleen. 

Exp. 41. Stain with haematoxylin and eosin and mount a transverse sec- 
tion of the umbilical cord or a vertical section of a placenta. Examine and sketch 
the jelly of Wharton. 

Exp. 42. Examine the specimen used in Exp. 40 for adenoid tissue. Sketch. 



CARTILAGE. 

Cartilage is a more dense form of supporting tissue than the connective tissues. 
It is opaque, of a bluish-white appearance in thick slices, transparent in thin 
slices. It may be easily cut, and is flexible, firm and somewhat elastic. When 
allowed to dry it loses about three-fifths of its weight, showing that about 60 per 
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cent, is water. In the embryo, cartilage is widely distributed. That which is 
replaced by bone as the embryo advances in its life history is termed temporary 
cartilage, and that which is not replaced by bone is termed permanent cartilage. 
In the embryo, cartilage consists of cells in contact with each other; but as the 
cartilage passes on to the adult form the cartilage cells increase in number and 
deposit the intercellular substance, so that in adult cartilage the cells and the in- 
tercellular substance are of equal importance. Cartilage is usually covered by a 
membrane termed the perichondrium, which is tough and vascular, affording 
protection and nourishment to the cartilage. Depending upon the structure of 
the intercellular substance, cartilage is divided into three varieties : 

Hyaline cartilage. 

White fibro-cartilage. 

Yellow fibro-cartilage. 
Hyaline (Gr. iaXii/os, glassy) cartilage occurs more widely distributed 
throughout the body than either of the other varieties, its chief localities being 
on the ends of bones, as articular and costal, in the nose and the trachea. It con- 
sists of cells imbedded in an intercellular substance termed the matrix. The 
matrix appears as a homogeneous substance, which has a glassy appearance, and 
in some instances appears to be fibrillated. The cells possess distinct eel) walls, 
protoplasm, nuclei, and nucleoli. The cell is separated from the matrix by a cap- 
sule. The spaces in the matrix lined by the capsules are termed lacunae, which 
are occupied by the cells. In living or fresh cartilage, the cells fill the lacunae, 
while in prepared specimens they may not, due to the shrinkage of the cell caused 
by the reagents used during the preparation of the specimens. In a lacuna there 
may be one, two, three or four cells. One cell reproduces another, each of which 
reproduces another ; thus at first there is one cell in the lacuna, then two, and 
finally four. After the cell has divided into two, one daughter cell may divide 
more rapidly than the other, which explains 
how it is that a lacuna may contain three 
cells. The capsules form the matrix, new 
capsules being formed around the newly- 
formed cells. Although articular and costal 
cartilages belong to the hyaline variety, 
there are some differences between them. 
Costal cartilage has a perichondrium ; the 
articular has not. The cells of costal carti- 
lage, as a rule, are larger than those of 
articular cartilage, and sometimes may con- 
tain oil globules in the protoplasm. The iig. 33. 

. A slice of articular cartilage showing cartilage 

outermost cells of costal cartilage do not cclls ia) contained in lacuna ((>); the ma- 

trix {c)\ and a lacuna (/?') from which the 

form a continuous layer, while those of redmln '"'*' '^''"'"''^ """ p"P'"'-'"'°" °* '^^ 
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articular cartilage do. The matrix of adult costal cartilage appears tc be split 
up into rods or fibrillae, while of ar- 
ticular cartilage it does not, although 
it may appear slightly fibrillated. The 
matrix of hyaline cartilage, in the 
aged, may become rigid and hard, due 
to a deposition of lime salts, the pro- 
cess being termed calcification, which 
is very different from ossification. 
White fibro-cartilage is similar 





Fig. 35. 
A portion of a section of 
costal cartilage show- 
in)^ cells containing 
globules of fat. 




Fig. 34. 
A portion of a section of 
the tracliea showing 
hyaline cartilage. 

to hyaline cartilage, except that the matrix has been invaded by white fibrous 

connective tissue. It is found as interarticular cartilage of the intervertebral 

discs, and of the temporo-maxillary articulation, and lining grooves on the surface 

of bones. 

Yellow fiero-cartilage is similar 
to hyaline cartilage, except that the 
matrix has been invaded by yellow 
fibrous connective tissue. Its chief 
localities are the external ear and the 
ej)iglottis. 

Experiment 43. With a sharp razor 
moistened with saline solution cut 
several thin slices of articular carti- 
lage. Put them in normal saline solu- 
tion on a slide, cover, and examine 
with the high power. Notice the cells 
singly and in groups. Look for empty 
lacunae. Sketch. 
Exp, 44. Compare stained specimens of articular cartilage, preferably cut 

per])endicular to the surface, and of costal cartilage cut transversely. Sketch 

both, showing main points of difference. 

Exp. 45. Stain and mount a section of an intervertebral disc. Examine 

with the high jiower, and notice the cells and the matrix. Notice especially the 

white fibrous tissue in the matrix. Sketch. 

Exp. 46. Examine a stained and mounted specimen of the external ear or 

of the epiglottis. Notice and sketch the cells and the matrix containing yellow 

fibrous tissue. 



km 

Fic. 36. 
White f;bro-cartilagc 
from the interver- 
tebral disc. 
{c) cartilage cells; '/) 
white fibrous con- 
nective tissue. 




Fig. 37. 
"N^ellow fibro-cartilajie from 

the ear of a cat. 

(c) cartil.'ige cells; (/) yellow 

fibrous connective tissue. 



BONE. 

Bone, the hardest of the supporting tissues, is second in hardness of all the 
tissues of the body, enamel being the hardest. In the fresh condition it is covered 
by a membrane termed the periustciiiii, which covers the bones of the body except 
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M 13 - -Microph(jtograpli of a section of h3-aliiie f articular ) cartilage x 152, illustrating 
cartilapc cells and matrix. 
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M 14 — -Microphotograpb of a sect inn of hyaline (articular) cartilage x 67(1, ilh.'itrc-. 
cartilage cells, singly and in characteristic groups, the lacunae and the matrix. 
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M 15 .Micr(JiniutnHra]>l) uf a section of hyaline f costal) cartila),'e x 40(1. 
a. cartilatc'-' cell^, slmwing cliaracteri.^tic shape, aii'l in some cases oil globules in protoplasm; 
h, i)ericho}iilruim. 
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at their articular ends. In the fresh state it has a pinkish hue, due to the small 
blood-vessels which permeate its substance, and possesses flexibility and elasticity. 
Dry bone is opaque, white, and somewhat brittle. Bone consists of a cellular 
portion, termed the bone corpuscles, and an intercellular substance. The inter- 
cellular portion predominates and gives to bone its characteristic physical prop- 
erties, and consists of a foundation of organic matter, in which are deposited 
mineral salts, the chief of which is calcium phosphate. About one-third of bone 
is organic matter, the remaining two-thirds inorganic. 

The chemical composition of bone, according to Berzelius is : 

Organic matter, 33.30% 

Inorganic matter — 

Calcium phosphate, ....... 51.04% 



Calcium carbonate. 

Calcium fluoride, .... 

Magnesium phosphate, 

Sodium carbonate and sodium chloride, 



11.30% 
2.00% 
1.16% 
1.20% 



66.70% 



100.00% 
By allowing bone to remain in dilute solution of a mineral acid, as hydro- 
chloric or nitric, for twenty-four hours or longer, the mineral matters will be 
dissolved and the organic matter left. A bone treated in this manner will retain 
its original shape, but instead of being hard and resisting it will be flexible and 
elastic ; so flexible that it can be tied into a knot, and when untied it assumes its 
original shape, due to its elasticity. If a bone be heated, without access of air 
to the bone, the organic matter will be decomposed while the mineral matter 
will not be affected. The bone thus treated retains its shape, but appears as a 
dark, honey-combed mass, which readily crumbles, breaking up into particles, 
which are hard and brittle. Thus it is evident that the characteristic properties 
of bone depend upon the organic and the inorganic substances present in a definite 
proportion. 

The intercellular substance is arranged in layers termed lamellae, and ac- 
cording to the arrangement of the lamellae bone is divided into two varieties, 
compact and cancellous. In the former variety the lamellae are arranged in 
layers closely applied to each other. In the latter variety the lamellae are ar- 
ranged as a sponge-like network, in consequence of which this variety of bone 
is also termed spongy bone. Compact bone occurs in the shafts of the long bones 
and in the tables of the skull bones. Cancellous bone occurs to a small extent 
in the shafts of the long bones, in the extremities of the long bones, in the skull 
bones between the tables, and in the centre of the ribs and inferior maxilla. 

On studying the structure of the shaft of a long bone it will be found to 
contain a canal running lengthwise in its centre, termed the medullary canal. En- 
circling the canal are layers or lamellae of bone, their long axis parallel with the 
long axis of the bone. The system of lamellae thus formed is termed the peri- 
medullary system. Next to the perimedullary system of lamellae, there is a 
comparatively small amount of cancellous bone. At the periphery of the bone 
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there are several layers of bone, termed the circumferential system of lamellae. 
The portion of bone between the circumferential system and the cancellous bone 
consists of two sets of lamellae, the Haversian and the interstitial systems. The 




Fig. 3S. 
A porton of a transverse section of the femur, 
(o) an Haversian system; (6) interstitial s>stcm; (c) Haversian canals. 

Haversian systems consists of canals which run lengthwise of the bone and com- 
municate with one another by means of branches, surrounded by lamellae of 
bone. The interstitial systems consist of 
lamellae which are more or less parallel 
to the lamellae of the circumferential sys- 
tem, and fill the interstices between 
neighboring Haversian systems. 

An Haversian system consists of a 
central canal, termed the Haversian 
canal, which, when seen in transverse 
section, appears as a round opening. It 
varies in diameter from y-gVu to ^',11 
inch, and in living bone contains mar- 
row, blood-vessels and nerves, but in 
prepared specimens of bone they usually 
appear dark, on account of containing 
dirt obtained during their preparation. 
Around the canal are concentrically ar- 
ranged lamellae of bone, about six in 

, Fig. 39. 

number. Between the lamellae are small ^^ portion of a longitudinal section cf the femur 

showing an Haversian canal cut lengthvfise and 
diviaing into branches. 




MANUAL OF NORMAL HISTOLOGY. 



31 




Fig. 40. 
An Haversian system highly mafmified show 
in^ the canal (c) surroiinoed by six lamel 
lat, with lacLMiae (a) and canaliculi (b). 



irregular-shaped cavities, termed lacunae, from which little canals, termed can- 
aliculi, extend. The canaliculi of one lacuna 
branch and join those of neighboring la- 
cunae. The canaliculi of the outermost row 
of lacunae of one Haversian system com- 
municate with the canaliculi of the outer- 
most row of a neighboring Haversian or 
interstitial system. The lacunae nearest to 
the Haversian canal, communicate with it by 
means of canaliculi. In living bone the la- 
cunae are occupied by the cellular elements 
of the tissue, the bone corpuscles, which 
send protoplasmic projections into the can- 
aliculi. By means of this arrangement, the 
bone corpuscles nearest to the canal can 
absorb nourishment from the canal and transmit it throughout the Haversian 
system. Lacunae and canaliculi exist also in the other systems, the perimedullary 
circumferential, and interstitial. 

Cancellous bone consists of lamellae arranged in plates ; 
between the lamellae of the plates there are lacunae, with 
their canaliculi. The plates join each other, enclosing ir- 
regular-shaped spaces. 

The periosteum is composed of fibrous tissue arranged in 
two layers — an outer as a dense network, and an inner as a 
loose network. In the periosteum blood-vessels ramify, the ramifications ex- 
tending into the substance of the bone to the Haversian canals. On the inner 
surface of the periosteum of young bones there is a layer of bone-forming cells 
termed osteoblasts. Some of the fibres of the periosteum extend for a short 
distance into the substance of the bone, and are termed the perforating fibres 
of Sharpey. 

Experiment 47. Examine with the unaided eye, a cross-section of a long 
bone. Notice the medullary canal in the centre, the zone of cancellous bone, 
the narrow, compact zone between the cancellous bone and the canal, and the 
mass of dense bone beyond the cancellous. Saw through the head of a long 
bone, and notice the sponge-like arrangement of the cancellous bone. Notice 
the weight of the piece sawed ofif, and compare it with the weight of compact 
bone. With a fresh bone, notice the yellow marrow in the medullary canal, and 
the red marrow in the cancellous bone. Observe the pinkish hue of a fresh bone, 
and the periosteum. 

Exp. 48. Prepare a cross-section, and one longtitudinal, of bone in the fol- 
lowing manner : Saw as thin a section as possible, which rub on a fine file to the 




Fig. 41. 
A bone corpuscle. 
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thickness of ordinary cardboard, and then rub on an oil stone until as thin as 
tissue paper, or until printed letters may easily be seen through it. Mount in 
glycerin, fixing the cover-slip with cement. If it be desired to mount the specimen 
in balsam instead of glycerin, after it has been rubbed to the proper thinness, 
put it into a vessel containing dilute acetic acid for thirty seconds, then into 
alcohol (95 per cent.) for three minutes, then on the slide; cover with balsam 
and a cover-slip. The section may be stained by placing it, after having rubbed 
it down to desired thinness, into a solution of fuchsin for 24 hours ; then after 
being rinsed again with water, it should be placed in 95 per cent, alcohol 2 min- 
utes, dried with bibulous paper, and mounted with balsam and cover-slip. 

Exp. 49. In the specimen of a cross-section of bone, notice and sketch, 
under the low power, the systems which are seen. Sketch under high power an 
Haversian system, and measure two Haversian canals. Notice the lacunae and 
canaliculi. Sketch portions of the other systems. 

Exp. 50. Examine the longitudinal section of bone. Notice the Haversian 
canals running lengthwise, giving off branches. Notice the disposition of the 
lamellae and lacunae along the canals. Sketch. 



MARROW. 

Contained in the canals, medullary and Haversian, of compact bone, and in 
the enclosed spaces of cancellous bone, there is a substance termed marrow, 
of which there are two varieties, 3'(?//o«' and red. In the human body the yellow 
variety occurs in the canals of compact bone, and the red variety in the spaces 
of cancellous bone. 

Yelloiu marroiij contains fat, a small amount of connective tissue, and a few 
blood-vessels. It is of a pale yellow color, due to the 
presence of the fat, which is about 96 per cent, of the 
marrow, 3 per cent, of the remaining 4 per cent, being 
water. 

Red marrozv consists of a loose network of con- 
nective tissue and capilliaries, containing within its 
meshes connective tissue corpuscles, and three kinds p-^^ ^., 

of cells, which are the marrow cells, the giant cells, ^"^ marrow from the rib of a 
the colored blood-corpuscle-forming cells. ^"!hrj/'n"''' m °l ."ifrow cell; 

r -=* ( fi; erylJirobJast: (c) niyeloplax 

T^l 11 7 1 ■ •! J. .1 "^r piant cell with a larce ir- 

Ihe marrow cells or mye/ocytes are similar to the regular shaped nucleus; u') a 

, , , r 1 1 1 1 iuyelopla.x with severaf nuclei. 

colorless corpuscles of the blood. 

The giant cells, ^nycloplaxcs (Gr. /u.vtAos, piece; 7rA.a^\ marrow) of Robin 
are large, irregular-shaped masses, some of which contain several nuclei, while 
others contain one large irregular-shaped nucleus. 

The third kinds of cells, termed erytliroblasts (Gv. t/n'Opo-i, red ; /8AatrT«(u, to 
produce), are similar in appearance to the nucleated colored corpuscles of the 
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]\/[ 19 Microphotograpli of a portion of a transverse section of a liuman bone x 290, 

iilustratin,; an Maversian system oi lamellae. 




M JO — Microiihotof^raph nt a s<_-ctiini ot cane 
a. lanifjlac; b. rcl marrow. 



liime X 45. 
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M 21— Microphotograph of a section of developing bone of a kitten x 45 illustrating 
rearrangement of the cartilage cells, secondary areolae, and new bone! ^ 




M 22 — Microphotijfiraph of developing lionc of tlie head nf a pig-cmltryo x 490. 
a, newly formed hone showing !jon<- corpiisclfs ; b, osteoblasts. 
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embryo. They reproduce others termed normoblasts, which lose their nuclei to 
become colored blood-corpuscles. Red marrow contains about 75 per cent, water 
and about 25 per cent, solids. Of the solids are albumin, salts, and fat. 

Experiment 51. Put a small piece of yellow marrow into a drop of normal 
salme solution on a slide, and tease it apart with teasing needles. Examine, and 
notice the numerous globules of fat, and the connective tissue reticulum. 

Exp. 52. In the same manner as in Exp. 51, prepare some red marrow ob- 
tained from a rib of a recently killed animal. Look for, sketch and measure the 
marrow cells, giant cells, and small nucleated cells. 

Exp. 53. Stain a cover-slip smear of the marrow obtained from the rib of 
a recently killed animal, by eosin-methylene blue method. Examine and sketch. 



THE DEVELOPMENT OF BONE. 

All of the bones of the body are developed from cartilage, except the bones 
of the cranial vault, of the face and the inferior maxilla. 

Intracartii,aginous or Endochondral Ossification. 
Cartilage does not become bone, but is removed and bone is formed in its 
stead. The cartilage which is to be ossified is of the hyaline variety, and, being 
embryonal, is composed of numerous cartilage cells and a small amount of carti- 
lage matrix. Surrounding the cartilage there is a membrane termed the perichon- 
drium, which consists of three layers — an outer dense fibrous, a middle loose 
fibrous which is vascular, and an inner layer composed of bone-forming cells, the 
osteoblasts. An osteoblast is an irregular, generally quadrilateral-shaped, cell, of 
which the protoplasm appears granular, the nucleus oval. The cycle of changes 
which take place during ossification may be briefly summarized as follows : 

1. Stage of rearrangement of the cartilage cells. — The cartilage cells at the 
centre of ossification become larger, somewhat flattened and arranged in rows, the 
rows usually running parallel with the long axis of the cartilage (Fig. 44, b). 

2. Stage of vascularization. — Synchronous with the first stage, the perios- 
teum sends inshoots into the cartilage, which consist of the inner and middle 
periosteal layers. The inshoots divide and subdivide, in consequence of which 
the cartilage is permeated by the vascular channels thus formed, and is said to 
be vascularized. A section of one of the channels would show that it contains 
capillaries, areolar tissue, leucocytes, and osteoblasts in the areolar tissue and 
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l-'jc. 43. 

A ^jortion of developing hone fioiii ehild's finger. 

(a) cartilage; (6) region of primary and secondary 
areolae: c, vascldar channels containing besides 
blood corpuscles, osteoblasts; (d ) newlj formed 
b-jne. 



lining the channel (Fig. 44, c). In the long 
bones, one of the channels permeates the 
central core of the shaft to become the 
future medullary canal. 

3. Stage of gramilarization of the ma- 
trix. — After the cartilage cells have become 
enlarged and arranged in rows the matrix 
becomes granular in appearance (Fig. 44, 
d). 

4. Stage of fibrillation of the matrix. — 
The matrix becomes fibrillated, the fibrillae 
enclosing the cells in quadrilateral shaped 
spaces. 

5. Stage of primary areolae of Sharpey. 
— The spaces formed in stage 4 become 
larger, the partitions thicker and the carti- 
lage cells appear to be degenerating. The 
spaces are now termed primary areolae 
(Fig. 44, e). 

6. Stage of irruption. — The vascular channels by this time having reached 
the primary areolae cause disintegration of some of the partitions and pass into 
the large spaces formed, which are termed secondary areolae. A section of 
developing bone at this stage would show the remains of the fibrous partitions 
very similar in appearance to pieces of scroll work, and the spaces to contain blood 
corpuscles, osteoblasts and connective tissue (Fig. 44, f). 

7. Stage of ossification of the partitions. — Osteoblasts from the spaces pene- 
trate into the remains of the fibrous partitions, form bone, and are caught between 
the lamellae to become bone corjjuscles ( Fig. 44, g). In this manner the remnants 
of the partitions are ossified and e.vist in fully-developed bone as the interstitial 
systems. 

8. Stage of formation of the Hai'ersian and the ])erimedullary systems. — 
The osteoblasts arrange themselves as a layer between the contents of the canals 
and the trabeculae of bone formed in stage 7, and deposit successive layers or 
lamellae of bone, some of the cells becoming caught between the lamellae become 
bone corpuscles. In this way the Haversian and perimedullary systems are 
formed (Fig 44, /;). Why the osteoblasts do not continue to lay down lamellae 
until no canal be left is not known. It may be due to the following factors: 

1. Owing to the fact that many of the osteoblasts are left between the 
lamellae to become bone corpuscles, the number of osteoblasts is continually lieing 
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diminished, the diminution being in excess of the reproduction, if the cell repro- 
duces while performing its bone forming function. 

2. By the time the last lamella is deposited the remaining osteoblasts, if 
there be any, may be so weakened by their labor as to be unable to form more bone. 

3. The increasing amount of pressure in the canals as they become smaller 
may become too great for the osteoblasts to overcome. 
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Fic. 44- 
Portion of the specimen used in Fig. 43, sliowing some of the stages in the development of bone from 

cartibge. 
(rt) hyaline cartilage; ib) state cf rearrangement of the cartilage cells; (c) stage of vascularization show- 
ing vascular channel with blood vessels iv) ; id) stage_ of granularization of the matrix; (e) stage 
of primary areolpe; (/) stage of irruption; {g) st.ige 01 ossilication; (h) newly formed bone showing 
bone corpuscles {i) and osteoblasts (o). 



In the long bone, ossification, near the central core of the shaft, may pass 
through the seventh stage and stop, leaving a small area of cancellous bone. In 
the same way the cancellous bone in the extremities of long bones is formed. 
The bone grows lengthwise, by means of the cartilaginous plate between the shaft 
and the extremities of long bones (epiphyseal cartilage). 

During the endochondral ossification, ossification also goes on at the exterior 
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of the bone termed periosteal. The osteoblasts of the perichondrium deposit 
lamellae of bone around the circumference of the shaft, forming the circumferen- 
tial system of lamellae. 

Intramembranoiis ossification is very similar to the sub-periosteal ossification. 
A membrane which is to become bone consists of two dense fibrous layers, be- 
tween which is a loosely-arranged fibrous network. Among the fibres are 
osteoblasts which deposit lamellae, some of them becoming caught between the 
lamellae remain as bone corpuscles. In the dense layers compact bone is formed ; 
in the loose fibrous network cancellous bone is formed. The fully-developed bone 
consists of two tables of compact bone, between which is cancellous bone, the 
diploe. 

Experiment 54. Stain a section of a decalcified developing bone. Examine 
and sketch the diiTerent stages of ossification shown by the specimen. 

Dentine, the remaining variety of supporting tissue, will be considered in the 
article on the teeth. 



CHAPTER V. 

MUSCULAR TISSUE. 

Widely distributed throughout the body there is a set of tissues the function 
of which is to perform the various movements of the body. This set of tissues 
is known as muscle. There are two varieties of muscle : 

1. The first variety includes the muscles which are under the control of the 
will, and are termed the voluntary muscles. 

2. The other variety includes the muscles which are not under the control 
of the will, and are termed the involuntary muscles. 

Voluntary muscle. — The chief muscles of this variety are the skeletal and 
the diaphragm. Enveloping a 
voluntary muscle there is a 
sheath composed of areolar 
connective tissue termed the 
epimysimn. The sheath sends 
inshoots into the muscle, 
termed perimysium, which di- 
vide the muscles into bundles 
of fibres termed the fasciculi. 
From the perimysium pro- 
jections extend into the fas- 
ciculi, and divide them up into 
small, irregular-shaped usual- 
ly quadrilateral, compart- 
ments, each of which is oc- 
cupied by a muscle fibre. The iiective tissue corpuscl; 

inshoots from the perimysium are known collectively as endomysium. 

An isolated voluntary muscle fibre is round, about one to one and one-half 
inch long and about -^^,7 inch in diameter. In a short muscle the fibres may be 
as long as the muscle, but in long muscles the fibres are dovetailed together to 
make the desired length. The fibre is a long cell, pointed at 
its ends, the protoplasm of which is modified in order to per- 
form its function, which is contraction. The cell wall or fibre 
sheath is termed the sarcolemma. The nucleus is in the proto- 
plasm just beneath the sarcolemma. The protoplasm presents 
the appearance as if traversed transversely by alternating light 
and dark bands, on account of which appearance this variety 
of muscle is also termed cross-striated muscle. Midway be- 




FiG. 45. 

A trail, -averse section uf vfluntary muscle. 

{a} ei.imi'sium; {b) pei-iniysiuni; ( d) endomysium, (c) con- 

'./) muscle lil.re. 



i*z«« 






Fig. A'i- 
Transverse, section of 
a voluntary muscle 
fibre highly magni- 
fied shewing areas 
of Cohnheiin. 
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tween the dark bands, each clear region is traversed by an interrupted granular- 



looking line, termed the intermediate disc, 
portions of the light band between the in- 
termediate discs and the dark bands are 
termed the lateral discs. The dark bands 
are composed of dark masses, with narrow, 
clear streaks between them. The clear sub- 
stance also occurs in the lateral discs and 
between the particles of which the mem- 
branes of Krause are composed. Running 
lengthwise of the fibre appear parallel 
streaks which indicate that the fibre is made 
up of fibrillae. In regard to the structure 
of the protoplasm of the muscle fibres, 
different theories have been advanced. Ac- 
cording to Rollett's theory the dark-appear- 
ing portions of the protoplasm are contrac- 
tile masses, parallel to each other and ar- 
ranged lengthwise in the fibre. 



or the membrane of Krause. The 




Fig. 47. 
Voluntsry muscle fibres, from a fre.sh specimen 
teased apart, showing cross striation; longi- 
LU'linal ribrillation; nucleus («) and sar- 
colcmma U). 



These masses are spindle-shaped and taper at their ends, terminating in en- 
largements. The enlargements constitute the membrane of Krause (the mterme- 
diate disc) ; the bodies of the masses of contractile substance constitute the dark 
bands. Filling up the spaces left between the contractile masses is a semi-fluid 
transparent substance, termed the sarcoplasm. It seems more probable that the 
fibre is made up of fibrillae separated from each other by a semi-fluid substance 
termed sarcoplasm, which fibrillae are made up of cubes of granular substance 
termed contractile masses, separated from each other above and below by the 
transparent sarcoplasm. Midway between the cubical masses occur small granular 
particles which with those of the neighboring fibrillae make up the intermediate 
discs. Thus, according to either theory, the protoplasm appears to be composed 
of contractile fibrillae, corresponding to spongioplasm, and a semi-fluid substance, 
sarcoplasm, corresponding to hyaloplasm. On cross-section of a fibre, dark areas 




M \I 1 1 1 I t tr T h n1 T <- It 

e, epimystum; p, perimysium; /, traTisverse section nf muscle fibre in a fasciculus. The 
endomysium is shown Ijetween the fibres, containing connective ti^;sue corpuscles ami 
sections of capillary blood vessels. 




M 24 — Micrnphotngrapli of a portion of a loiiRitiidiiial section (jf a tadpole x 4^0, illus- 
trating longitudinal sections of voluntary muscle tihre, tlu'ir cross striatinns 
and nuclei, and the C(/nnective tissue corpuscles of the endomysiuni. 
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Fic. 49. 

Voiunlary niuscli: filires containing motor 

end plates. 

(a) ]o\v power; (b; high power. 



are seen, which are separated by clear sub- 
stance. The areas are the areas of Cohnhcim 

and correspond to cross-sections of the fibril- 

lae, the intervening clear substance being the 

sarcoplasm. The fibres of vohmtary muscle 

do not branch, as a rule, an exception being 

some of the fdjres of the tongue and of the 

eye. The tendons are continuous with the mus- 
cles, the sarcolemmae becoming blended with 

the filjrous tissue of the tendon, and the areolar 

tissue septa of muscle with those of the tendon, 

and the epimysium with the peritendineum, 

the connective sheath of the tendon. The 

blood supply to voluntary muscle is large. The 

arterioles penetrate the epimysium, extend into 

the muscle with the perimysium and terminate 

in the endomysium as a capillary network 

around the muscle fibres. The veins arise 

from the cajjillary network and pass from the muscle in the same manner as 

the arteries enter. The lymphatics arise in the clefts in the fibrous connective 

tissue of the endomysium, perimysium and epimysium. The nerves which go to 
voluntary muscle are 
of the medullated va- 
riety and terminate 
beneath the sarcolem- 
ma as motor end- 
plates. 

Involuntary mus- 
cle. — This variety oc- 
curs widely distrib- 
uted throughout the body, existing in the alimentary canal, blood- 
vessels, ureters, bladder, uterus, etc. It consists of bundles of fibres, 
the bundles being held together by means of areolar tissue and rami- 
fying blood-vessels. The fibres are spindle-shaped cells, each hav- 
ing a cell wall composed of a delicate homogeneous sheath. 
In the protoplasm is an elongated nucleus the long axis of 
which is parallel with the long axis of the cell. The neigh- 
boring cells are held together by a small amount of cement 
substance. They are about j-J^j inch long and j-jjVo" 

inch in diameter. In transverse sections of involuntary muscle the fibres appear 




Fig. 51. 
A portion of tne circular layer cf the muscular coat 
of the small intestine of a cat. showing involuntary 
muscle fibres cut lengthwise in situ. 



Fig. 50. 
Isolated involuntary mits- 
ele fibres obtained by 
teasing apart a portion 
of a piece of a rabbit s 
intestine after haying 
immersed it in MuUer s 
fluid for twenty - four 

hOLllS. 
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T'lC. 52. 
\ portion of ih( longitudinal layer 
of the muscular coat of the small 
intestine of a cat, showing invol- 
unti-.ry nuiscio fibres cut trans- 
versely. Tt will be noticed that 
some of the sections shew nuclei 
while others do not. 



usually as irregular quadrilateral shaped areas of different sizes. The small areas 
appear homogeneous and represent sections of the 
tapering ends of the fihres ; the large areas have a 
dark spot in the centre and represent sections of 
the fibres through the nucleus. 

Cardi.JiC jNIUSCLE. — The muscle of the heart be- 
longs to the involuntary variety of muscle, although 
in structure it resembles the voluntary variety in 
some respects. The fibres are usually short, cross- 
striated and branched. The nucleus of a fibre is in 
the centre of the protoplasm. The fibres have sar- 
colemmae, not so well marked as the sarcolemniae 
of voluntary muscle fibres. 

The blood-irssels to involuntary muscle form a 
capillary network around the bundles of fibres. Lymphatics arise in the areolar 
tissue between the bundles. The nerves are of the non-medullated variety. They 

form a plexus between the layers of muscle, 
from which fibrillae extend between the bundles 
of fibres and possibly to the fibres. 

Experiment 55. Tease a]5art a small piece 
of a fresh skeletal muscle which has been in 35% 
caustic potash solution for 1 hour ; cover and ex- 
amine. Look for fibres showing cross-striations 
and sarcolemmae. Notice the fibrillation length- 
wise. Sketch. 

Exp. 56. Examine the voluntary muscle of 
a longitudinal section of a tadpole, the specimen 
having been stained with haematoxylin and eosin. 
Look for cross striations and nuclei. Sketch. 
Exp. 57. Examine a cross-section of voluntary muscle which has been stained 
as in Exp. 56. Notice the epimysium, perimysium, and endomysium, and the 
shape of the sections of fibres. Sketch, Measure two cross-sections of fibres. 
Exp. 58. Gently tease apart, in a drop of glycerin on a slide, a piece of vol- 
untary muscle, the arteries of which have been injected. Examine with the low 
and then with the high power. Sketch. 

Exp. 59. Examine a prepared specimen of voluntary muscle, showing the 
termination of nerve fibres in the muscle. 

Exp. 60. From a piece of intestine of a rabliit or frog, which has been in 
a dilute solution of potassium bichromate for twenty-four hours, tear oft" shreds, 
working from the outer surface. Tease apart in a drop of glycerin or weak saline 
solution on a slide ; cover and examine. Look for the spindle-shaped involuntary 
muscle fibres: notice the nuclei. Sketch and measure. 




I-jr. .S.l. 
,\ nortir.n of a section of the heart 
showinj., cardiac uiuscie fibres ciu 
lentythwise (a) and transversd; (t) 
held togethrr Sy ; reolar connective 
tissue (t;. 




I\I 26 — Micii. i)hutii):^'ra])h ul a st-ctinn <•( the iunnan hrarl x 5(*0, illustrating trans\ci*se 
Sfctiuns of cardiac muscle tihres. 
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Exp. 61. Examine the specimen of the rabbit's bladder or ureter used in 
Exp. 24. Look for involuntary muscle fibres cut longitudinally and transversely. 
Sketch. 

Exp. 62. Tease apart a small piece of the heart muscle, which has been in 
35% caustic potash solution for 1 hour, on a slide. Add a drop of haematoxylin 
solution, cover and examine. Look for cross striations, nuclei, and branching 
fibres. Sketch. 

Exp. 63. Stain a section of the heart by the Van Gieson method. Examine 
under both powers, and sketch. 



CHAPTER VI. 



NERVOUS TISSUE. 



Nervous tissue consists of three parts : 

1. Nerve cells for generating or modifying impulses. 

2. Nerve fibres for conveying impulses. 

3. Neuroglia and connective tissue framework. 

The nerve cells are found in the gray matter and ganglia of the nervous 
system, and are from 10 /j. to 100 f). in diameter. They 
consist of granular-looking protoplasm, in which there is 
a distinct nucleus containing a nucleolus. The shape of the 
cells differ, depending upon their location. Some are 
spherical or angular, as in the spinal cord and cerebrum ; 
others are stellate, as in the spinal cord ; others, flask- 
shaped or pyriform, as in the cerebellum. The cells may 
have one or more protoplasmic projections. A cell which 
has only one projection is termed a unipolar; one which has 
two, a bipolar; one with more than two, a multipolar cell. 

The processes are of two 

kinds, a x is cylinder and 

branched. The former are 

termed the processes of 

Deiter, neuraxes, neurites, 

neuraxones, or axones. The 

process of a unipolar cell is an 

axis-cylinder process ; of the 

bipolar, one is an axis cylin- 
der, the other a branched process ; of the multipolar all are 
branched, except one, which is an axis-cylinder process. 
The branched processes, known as dendrites, form a com- 
municating network. The entire nerve cell with its processes 
is termed a neurone, neura, or neurodendron. The terminal 
groups of branches of a dendrite or of a neuraxis are 
known as a telodendron. Each axis-cylinder ])rocess be- 
comes the essential portion of a nerve fibre.. 

The nerve fibres are of two varieties, mcdullated or white, and non- 
medullatcd or gray. 




F!7. 54. 
N['r\'e-cel!s. 
(A) unipolar; (B) i.ipokr; (C) 
multipolar; (a) a.xis cylinder pro- 
ce^^ ; (b) i)ranciiea pioctsses. 




FiC. 55. 
A cell frum the cere- 
brum, termed a neurone. 
(c) cell body; (fc) den- 
drite, wi(K St'condary 
dendrite (!>') branching 
olt from it; (a) telo- 
dendron of main den- 
drite; (c) a basal den- 
drite; (n) neuraxis. 




M 27--- Microphntonrapli nf a ])nrtion oi a section of tlie spinal curd x 49U, illnstratinu 
structure of a cell in the aiitericjr coriiu of the Rray matter. 
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FiG. 56. 
Mcdullalerl nerve 
bres from a fresli 
specimen teased apart 
ill norma! salt solution. 
«, a.xis cylinder; m. 

medullary sheath; 

(n) node. 
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The medullated or white nerve fibres vary in length, 
and are about -joVxr inch in diameter. The fibre consists of 
a rod-shaped central portion termed the axis cylinder of 
Purkinje, a sheath around the axis cylinder termed the myelin 
or medullary sheath, or white substance of Schwann, and a 
sheath around the medullary substance termed the primitive 
sheath, or neurilemma. 

The axis cylinder is a continuation of the axis-cylinder 
process of a nerve cell, and consists of a number of fibrillae 
termed the primitive fibrillae of Schultze, 
held together by a granular cement sub- 
stance termed neuroplasm (KoUiker). Sur- 
rounding the axis-cylinder, according to 
Kiiline, there is a delicate sheath termed the 
axilemma. This sheath is probably a continuation of the limit- 
ing membrane of the nerve cell, from which the axis-cylinder 
is derived. The axis-cylinder proceeds to the area to l^e 
supplied by it, and then divides into its primitive fibrillae. 

The medullary sheath, also known as the white sub- 
stance of Schwann, consists of a semi-fluid fatty substance 
embedded in a fine network composed of neurokeratin. At 
regular intervals (about ^V inch) along the fibre the medullary 
sheath is absent. These places where the medullary substance 
is not present, are known as the nodes of Ranvier. The por- 
tions between the nodes are termed inter- 
nodes. In each portion of the medullary 
substance, about midway between the nodes, 
there is a nucleus. 

The primitive sheath, neurilemma, or 
nucleated sheath of Schwann, bears a rela- 
tion to the nerve fibre similar to that borne 
by the sarcolemma to the muscle fibre. It 
is closely applied to the medullary sheath, 
and consists of a thin membrane, on the 
internal surface of which there is a layer of endothelioid cells. At the nodes 
the neurilemma dips in to the axis cylinder. In the nodes there exist collections 
of cement substance, which probably have some influence upon the nourishment 
of the axis cylinders. The medullated fibres may lose their medullary sheath 
and become non-medullated fibres. 



Fig. 58. 
A diagrammatic rep- 
j-esentdtion of a 
transvt-rse section of 
a medullated nerve 
fibre. 
(a) neurilemma; {b) 
medullary sheath; 
(c) axiltmma; {s) 
neuroplasm; (/) fi- 
brilla. 



Fig. 57. 
^\ diagrammatic repre- 
sentation of a medul- 
lated nerve fibre. 
(a) primitive sheath 
or neurilemma; {b) 
medullary sheath or 
white substance of 
Schwann; ic) axi- 
lemma (of Kiihne) ; 
id) nucleus; (s) 
neuroplasm (of 
Kolliker) ; (/) fibril- 
lae (of Schultze); 
(«) node (of Ran- 
vier.) 
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The non-medullated, or gray fibres, the fibres of Remak, are essentially 
the same as the white fibres, except that they have not a medullary sheath. A gray 
fibre consists of an axis cylinder which is fibrillated lengthwise. Around the axis 
cylinder there is a sheath, in which are oval-shaped nuclei. These fibres are smaller 
than the white variety, being about -joVo inch in diameter. The gray fibres 
branch ; the medullated do not, except near their termination. These fibres are 
found making up the sympathetic system, very few existing in the cerebro-spinal 
system, while the other variety makes up the cerebro-spinal system of fibres. 

Holding the cells and fibres of the brain and spinal cord together, there is 
a framework composed of connective tissue derived from the pia mater, and 
neuroglia. The neuroglia (Gr. vevpov nerve; yXia glue) consists of cells which are 
irregular in shape and have ramifying projections. These cells are known as 
neuroglia cells. Their filament-like projections intermingle and form a secondary 
network. 

The nerve trunks consist of nerve fibres collected together into bundles, 
which in turn make up the nerves. The nerves of the cerebro-spinal system are 
composed of the medullated variety of fibres. In many respects a nerve on cross- 
section resembles a cross-section of voluntary muscle. 

Surrounding the nerve there is an areolar connective tissue sheath termed the 
epineiirium, which sends inshoots into the nerve, dividing it up into bundles of 
fibres, the inshoots being termed perineurium; the 
Ijundles of fibres, funiculi. From the perineurium 
])rojections termed the endoneurium extend into the 
funiculi, dividing them up into small compartments, 
which are occupied by the nerve fibres. The main 
points of difference between a cross-section of a 
nerve and one of voluntary muscle are shown bv 
the fibres. In muscle the fibres are irregularly cjuad- 
rilateral in shape ; in nerve they are usually round. 
The cross-section of a muscle fibre appears as a 
dense, solid mass, surrounded by the sarcolenima ; 
that of a nerve fi))re appears as a round area, 
with a round area (axis cylinder) in its centre, 
with a clear zone (the medullary substance) between the central area and the 
cell wall (neurilemma). If the section of the nerve should pass through a node 
or a gray fibre, if there be any gray fibres in the nerve, onh' a dark s]wt, the 
cross-section of the axis cylinder, would be observed representing the fibre. 

As a funiculus nears its termination the fibres diverge from each other, each 
filjre receiving an extra sheath derived from the endo- and i)erineurium, which 
sheath is termed the sheath of Henle. 

The blood vessels — the vasa ncrvoruui — pass into the ei)ineurium, and send 
ofl: branches into the peri- and endoneurium, forming a capillary network around 
the fibres, as in muscle. 




Fir,. 5ci. 
A transverse section of .t nerve as 
(ilisei-. c<l in a section of llie skin of 

llie linger, 
(a) epineiirium; ib) perinenrium en- 
closing the funiculi or Inindles of 
nerve fibres; \c) endoneurium; (ri) 
ne-\e libre eiic trap»;verseh-. 




M 29 — Microrhotograiih of a transverse section of a ner\-e x 45. 

e, eijineurium; p. perineurium; /, funiculus, in which may be observed the sections of 

medullateii nerve filires, among which is the endoneurium. 














M 30- 
suljdural spac' 




Microphotograph of a spinal ganglion of a i>ig-embryo x IHO. 
between dura mater and the sjnnal cord; g. ganglion; h, i>osterior root 
f spinal nerve passing intr) the ganglion; c. anterior root of spinal nerve passing 



ouiside of ganglion; d. the spinal ni 
tilage of lateral half nf n.nral arch 



rve formed by the uni 
/', cartilage of body 



)n of the twi. 
if vertebra. 
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Lymphatics arise in the clefts in the fibrous tissue of the endoneurium, join 
and communicate with the larger clefts in the epineurium, which in turn com- 
municate with the clefts of the surrounding areolar tissue. 

The nerves which pass to the larger trunks, the ncrvi nervorum, pass into the 
epineurium, where, according to Horsley, they terminate in bulbous enlargements. 

Experiment 64. Stain and mount a cross-section of the spinal cord, prefer- 
ably from an ox. Notice the gray matter and the white. In the gray matter, 
look for uni-, bi- and multipolar cells. Sketch and measure four of the cells. 

Exp. 65. In the white matter of the cord, look for cross-sections of nerves. 
Notice the numerous sections of medullated nerves. Notice the frame work 
which holds the fibres together. Look for neuroglia cells. Sketch. 

Exp. 66. Examine a stained section of the cerebellum. Look for and 
sketch under both powers the pyriform shaped cells of Purkinje. 

Exp. 67. Stain with Van Gieson stain a transverse section of a large nerve. 
Examine and notice the points of resemblance and the points of diiiference be- 
tween it and muscle. Sketch. 

Exp. 68. From a recently-killed animal take a nerve, and tease apart length- 
wise in a drop of normal salt solution. Cover and examine. Notice and sketch 
the axis cylinders, medullary sheaths, nodes and internodes. 

Exp. 69. Obtain a portion of a nerve which has been in a dilute solution 
of osmic acid (5 per cent.) for about thirty-six hours, and gently tease it apart 
in a drop of glycerin on a slide. Examine with the high power, and look for 
nuclei beneath the primitive sheath. Sketch. Cement the cover-slip on the slide. 

Ganglia occur on some of the cranial nerves, on the posterior roots of the 
spinal nerves, and as the sympathetic ganglia. The ganglia are nerve centres 
occurring on the nerves, and act as relays, aiding or modifying the impulses as 
they pass through them. A spinal ganglion consists of fibres and nerve cells. 
The nerve cells are usually 
near the surface of the gang- 
lion, some being round, others 
unipolar, bipolar or multipo- 
lar. The processes extend 
from the cells to the nerve 
fibres which they join. Each 
cell has a nucleated cell wall, 
which is continued around 
the process as a sheath. The 
ganglia arranged as a chain 
along each side of the verte- 
bral column, which form the 
trunk of the sympathetic sys- 
tem, receive medullated fibres 
(rami communicantes) from . ,„„•„,,„,, . ,"" °' ■ , ,. 

^ /A longituQinal section nt a spinal ganglion 

th6 Soinal cord From the '"' ganglion cclls; (a'l ganglion cells highly n;agnified; (h) 

^ ' iibro'is connective tiss'ic; (ji) nerve iibrcs; {v) blood vessels. 




4fi 



MANUAL OF NORifAL HISTOLOGY. 



ganglia non-medullated nerves pass as the sympathetic nerves. In the sympa- 
thetic gangha of the frog, pear-shaped cells have been observed which have, pass- 
ing from their small end, two fibres, one meduUated, the other 
non-medullated, from which it may be inferred that the medul- 
lated fibre enters the cell, loses its medullary sheath, and merges 
as a non-medullated fibre. In this manner it is probable that the 
ganglia of the sympathetic trunk act upon the medullated fibres 
received from the spinal cord, in which case the sympathetic sys- 
tem would not be an independent one, but one derived from the 
cerebro-spinal system. 

Experiment 70. Stain and mount a longitudinal section of a 
spinal ganglion. Examine and notice the cells and nerve fibres. Try to find pro- 
cesses of the cells joining the nerve fibres. Sketch. 




Fic. 61. 
CTanglion ce 1 1 s 
from a trans- 
verse section of 
the ganglionic 
commissure o f 
an earthworm. 



THE PERIPHERAL NERVE TERMINATIONS. 

The terminations of the sensory nerves* may be simplex or complex. The 
nerves may terminate as a fibrillar network from which fibrillae may pass to the 
cells to be supplied, terminating between or within the 
cells. There are some of the sensory nerves, especially 
those for the perception of the sensation of touch, 
which terminate in a special manner, the special end- 
ings being termed end-organs, the chief of which are : 

Tactile corpuscles. 

End-bulbs. 

Pacinian corpuscles. 
The tactile corpuscles, also termed the cor- 
])uscles of Meissner and of Wagner, occur in some of 
the i)apillae of the skin, and are most numerous in the 
localities where the sensation of touch is highly devel- 
oped, as in the skin of the palmar surface of the fin- 
gers. The nerve fibre loses its medullary sheath, the 
axis cylinder divides, the fibrillae formed by the division 
continue and make numerous coils, giving an appear- 
ance somewhat similar lo the pinea])])le. Upon the 
fibrillae small enlargements can be observed, which look like nuclei. The neuril- 
emma of the fibre extends around the coiled mass as a capsule, which is in close 
contact with the surrounding fibrous connective tissue. 




Eic. (>2. 
A tactile corpuscle within a 
papilla ot the skin of the 

hand. 
Chloride of gold preparation. 

( Ranvier.) 
((i> varicose fibrillae: («) 
nerve fibre; (/) i fibrous 
tissue of the papilla. 



^Tlie consideration of the terniinafion of the nerves for fhe appreciation of the sensations of sight, 
hearing, smell and taste will be taken up with the con esiiomling orgaus whicti cont.iiu tlieiii. 




M .51- — Micruphotcgraph of a vtrtical sectitm of the skin of a hiiR^r illustratiug a cactile 

corpuscle. 
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Fig. 63. 

End-ltulbs (.tfter Krause). 

(A) simple variety (con- 
junctival) ; (B) com- 
pound , variety (geni- 
tal) ; (a) varicose fibril- 
lae; (f) fibrous tissue; 
(n) nerve iibres. 



The end-bulbs are usually round or oval in shape, 
their chief localities being in the conjunctiva, termed the 
conjunctival eud-bnlbs; in the external genital organs 
termed the genital corpuscles; and in the neighborhood of 
A articular surfaces of joints, termed the articular corpuscles. 
An end-bulb consists of a coiled network of fibrillae, derived 
from the axis cylinder of a medullated fibre, and is sur- 
rounded by a nucleated capsule. The fibrillae also appear 
to be nucleated. 

The Pacinian bodies, or corpuscles of Voter, are 
found chiefly in 
the subcutane- 
ous tissue of the 
fingers and toes, 
but occur also in 
the mesentery, 
genital organs 




and joints. They 

are somewhat 
almond-shaped, and large enough 
to be seen with the unaided eye. 
The nerve going to form the cor- 
puscle first loses its sheath of 
Henle, the perineural portion be- 
coming arranged in layers or la- 
mellae, the endoneural portion 
also as lamellae internal to the 
perineural lamellae. The primi- 
tive sheath blends with the inner 
lamellae of the endoneurium. 
The lamellae are about thirty in 
number, and appear to be nucle- 
ated. On entering the corpuscle, the medullary sheath becoming lost, the axis 
cylinder passes in the long axis of the corpuscle, and terminates near its smaller 
end in several fibrillae, which possess enlargements. 



FiC. 64, 

A Facinian corpuscle from tlio mesentery of a cat 

(aftei Ranvicr.) 



■ts 
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The motor nerves to voluntary muscle end 
in the motor end-plates. The axis cylinders divide 
into fibrillae, which have enlargements upon them. 

The sympathetic nerves (gray fibres) termi- 
nate in plexuses, which send off branches to the 
different parts to be sup- 
plied. At the junctions of 
the fibres of a plexus there 
are irregular-shaped collec- 
tions of gray matter sim- 
ilar to that composing the 
axis cylinders. 

Experiment 71 Stain 
with haematoxylin and 
eosin and mount a section 
of skin from the palmar 
surface of a finger. Notice 
the. papillae beneath the stratified squamous epithelium. In the ]«pillae, look for 
tactile corpuscles. Sketch a tactile corpuscle under the high power. In the sub- 
cutaneous tissue look for a Pacinian corpuscle and when found sketch it under both 
powers. 

Exp. 72. Look for small oval-shaped Ijodies in the mesentery of a cat. 
When one is found, remove it carefully and put into a dilute solution of osmic 
acid for twenty-four hours. Then put it into a drop of glycerin on a slide, around 
it place a hair ; cover and examine, first with the low, then with the high power. 
Sketch the outlines of the Pacinian corpuscle under the low power. Under the 
high power sketch portions of the centre and the lamellae. 





A I*acinian corpuscle observed in 
the subcutaneous tissue of llic foot. 



Fig. (.6. 
\ transverse section of a Pa- 
cinian corpuscle observed 
in the subcutaneous tissue 
of the finger. 



CHAPTER VII. 

THE VASCULAR SYSTEM. 

THE HEART. 

The heart is a muscular organ which is for the purpose of receiving the 
blood from the veins and forcing it through the arteries to the capillaries. It is 
composed of three coats enclosing the cavities of the organ, termed the endocar- 
dimn, the myocardium, and the pericardium or epicardium. 

The endocardium, the innermost coat, is a serous memberane which lines 
the walls of the cavities of the heart, and is continuous with that lining the lumen 
of the arteries and of the veins. It consists of a layer of endothelium resting 
upon a layer of white and yellow fibrous tissue, among the fibres of which are 
a few involuntary muscle fibres. Next to this is a layer of yellow fibrous tissue 
which connects this coat with the next, the myocardium. The valves of the heart 
are folds or reduplications of the endocardium. At the insertions of the chordi- 
nae tendinae, the white fibrous tissue is well developed and assumes a tendinous 
consistency. 

The myocardium, the middle and thickest coat, consists of cardiac muscle 
fibres held together by areolar connective tissue. The muscles of the auricle are 
arranged as two layers of circularly-disposed fibres, the outer layer enclosing both 
auricles, the inner layer enclosing each auricle. Between the muscle of the 
auricles and that of the ventricles there is a ring of densely arranged white fibrous 
tissue containing some elastic fibres, which is termed the anniilus fibrosus atrio- 
ventricularis, or the auriculo-ventricular ring. The muscle fibres of the ventricle 
are arranged as two sets, with a superficial and deep set, the fibres of which 
arise from the auriculo-ventricular ring and wind spirally around the heart to 
terminate in the tendons of the papillary muscles of the opposite ventricle. 

The pericardium, the most external coat of the heart, consists of two lay- 
ers. The epicardium is the inner or visceral layer and is closely applied to the 
myocardium, while the parietal (or outer) layer loosely encloses the heart and is 
continuous at the upper border of the heart with the visceral layer. These layers 
are serous membranes, with the endothelial layer of each toward that of the 
other. 

The blood supply of the heart is by means of the coronary arteries, which 
ramify and form a capillary network in the areolar connective tissue network be- 
tween the muscle fibres, from which the coronary veins arise. There are also 
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small vessels which open on the surface of the endocardium, directly from the 
cavities of the heart, and pass to a system of small vessels which communicate 
with the coronary arteries and veins by means of capillaries, and with the veins 
by larger vessels. 

Lymphatics arise in the endo- and pericardium. 

The nerve supply is by means of medullated and non-medullated fibres which 
pass to the three coats of the heart. 

Experiment 73. Examine under the low power a stained transverse section 
of the heart of a small animal and notice the three coats, and under the high power 
sketch a portion of each. 



THE BLOOD VESSSELS. 

The blood is conveyed to and from the tissues and organs of the body by 
three sets of vessels — the arteries, capillaries, and veins. The arteries are the 
vessels which convey blood to the different parts of the body; the capillaries, the 
continuations of the arteries, form anastomosing networks in the tissues and or- 
gans of the body ; the veins, the vessels which convey the blood from the capil- 
laries to the heart. 

An artery (Gr.arip^ air; r-qpiw^ to hold) received its name by the ancients, 
who believed that it was for the purpose to carry air, because after death it was 
found open and empty. It is composed of three tunics arranged around a central 
opening, termed the lumen: 

The tunica adventitia, or external coat. 

The tunica media, or middle coat. 

The tunica intima, or inner coat. 

The tunica adventitia consists of yellow fibrous tissue, most of the fibres 
running circularly around the vessel, a few running longitudinally. In addition 
to the yellow fibrous tissue there is a small amount of the white fibrous variety 
and connective tissue corpuscles. The outer layers of this coat graduallv blend 
with the areolar connective tissue which composes the sheath of the artery. 
Some of the yellow filjrous tissue of the adventitia in the larger-sized arteries 
is arranged as a distinct layer next to the middle coat, termed the external elastic 
inemhrane, which is seen in prepared specimens as a glistening convoluted band. 
Also in the larger-sized arteries the longitudinally-disposed )-ellow fibres mav 
be arranged in bundles. In some of the larger arteries, as in the renal, some in- 
voluntary muscle filjres occur in this coat arranged in longitudinally disposed 
bundles. In the large arteries the tunica adventitia is arranged in two zones, the 
inner of which consisting of dense elastic tissue, the outer of looselv arranged 



^>5^=: 




Fig. 67. 
A portion of a transverse section of a small 

artery. 
(a) ttinica adventitia; {b) tunica media; (c) in- 
ternal elastic inembrane; {e) endothelial layer 
of the tunica intima. 
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white fibrous tissue in which there are some 
elastic fibres. The nourishing vessels, the 
vasa vasormn, of the large arteries run in 
the outer zone of the tunica adventitia. 

The tunica media consists of invol- 
untary muscle fibres among which is some 
yellow fibrous connective tissue. In the 
small-sized arteries the involuntary muscle 
fibres are circularly disposed around the 
vessel, among which are a few scattered 
elastic fibres. As the artery increases in 
size more elastic tissue appears in the me- 
dia, the amount of elastic tissue in the 
media being greater the larger the artery, 
so that in the aorta the media is composed 
As a consequence the small arteries 






almost entirely of elastic connective tissue 
possess much contractile power and some 
elasticity, while the larger arteries pos- 
sess much elasticity, and a small amount 
of contractility. Also in some of the 
large arteries some of the muscle fibres 
run longitudinally, in some instances col- 
lected into layers which may run internal 
to the circular layer, as in the subclavian, 
or external to the circular layer, as in the 
renal, or internal and external to the cir- 
cular layer, as in the umbilical artery. 

The tunica intima consists of 
three layers : 

1. The internal clastic membrane, 
which consists of yellow fibrous tissue, 
occurs as a dense layer next to the inner border of the media. The tissue is ar- 
ranged as a closely woven membrane, in which are very small openings forming a 
fenestrated membrane (Henle). This layer of the intima appears in prepared 
specimens as a glistening convoluted band. 




Fic. 63. 
j\ uortion of a triTisverse section of the femoral 

arter>' of a r.abbit. 
(a) tunica adventitia containing circularly and 
lojigitudinally disposed elastic fibres; (b) tunica 
media containing some elastic libres among the 
muscle fibres; (c) internal elastic membrane; (a) 
subendot)icIial, and (e) endothelial layers of 
tunica intima; (c'J external elastic membrane. 
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2. Next to the internal elastic mem- 
brane there is a loose network of connective 
tissue, indistinct in small vessels, distinct in 
large ones, known as the subcndothelial 
layer. 

3. Next to the subendothelial layer 
and lining the lumen of the vessel there is 
a layer of nucleated, fiat, elongated, irregu- 
lar-shaped cells, arranged with their long 
axis more or less parallel with the long axis 
of the vessel, termed the endothelial lavcr. 
As the arteries decrease in size the tunics 
become more distinct, and then as they ap- 
proach the region to be nournished they 
gradually lose the adventitia, then the me- 
dia, so that just before becoming capillaries 
they are termed arterioles, and consist of 
the intima surrounded by a few muscle 
fibres of the media. When the arterioles 
lose the muscle fibres the vessels are termed 
capillaries. 

The capillaries consist of a layer of , ., . . . 

'' or the tunica intima. 

endothelial cells, held to the surrounding tissue by the remains of the internal 
elastic membrane and subendothelial tissue which become blended with the sur- 
rounding tissue. The capillaries are about -juVo inch in diameter, and form anas- 
tomosing networks, and by virtue of their structure allow their contents to pass 

from the vessels into the tissues, and sub- 
stances to pass from the tissues into their 
fc^?^::^fi<l, l^'^^^^l'^l interior (vide endothelium. Chapter III). 

'■■i!l&^^^*ia'i( ".fess;35s8iif,i The capillaries of a network do not dimin- 

ish in size, although in some networks, as 
of bone and liver, the capillaries may be of 
greater diameter than those of other net- 
works, as of the brain and muscle. The 
capillary network may be close-meshed, as 
of the lung, or wide-meshed, as of serous 
membranes and tendons. The capillaries 
passing from the network receive a covering 
of muscle fibres, then one of fibrous tissue, 
to become veins. 



e 

Fig. 09. 

A portion of a transverse section of a (human) 
renal artery. 

(a) oi:ter zone of the tunica adventitia con- 
taining vasa vasornm , Ca') inner zone of 
the tunica adventitia containing- bundles of 
involuntary muscle fibres longitudinally dis- 
posed; (.b) tunica media containing circular- 
ly disposed involuntary muscle fbres and 
elastic tissue; (c) internal elastic membrane; 
(d) subendotlielial, and (c) endothelial layers 





Fic. 70. 

iA) a loneitudinal section of r-n .'irterioie; (B) 
a longitudinal section of a venule. 



/'. 




i 

M 33 — Microphotiigraph of a transverst- section nf an arttry x 20. illustrating the lunics. 

a, coagulated blood in the lumen; b. muscular tunica media separated from the b.lood \>y 

the glistening internal elastic meinliranij i;i the tunica intima; r, tunica adventitia. 




M 3^ — Microphotograph of an artery of a dog x 45. 
a, blood; h, internal elastic membrane; c, tunica media; d. tunica adventitia. 
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Fio. 71. 
A transverse section of (rO small arterv 



(f) 




Fig. 72. . ^ 

-'\ portion of a transverse section of a vein. 
(a) tunica advertitia; -.h) tunic i media: (c) 
tunica ijitima; {e) endolljelial cells. 



In some parts of the body arterioles do 
not terminate as capillaries as in the case of 
the retia mirabilia, where the arteriole di- 
vides into several branches which again 
unite to form a vessel which then passes on 
to form a capillary network, as in the glom- 
eruli of the kidney; and in the case of 
sinuses where the arterioles empty directly 
into irregularly shaped spaces, which in turn 
open into venules, the spaces being lined 
with endothelium continuous with that of 
the arterioles and venules, as in the spleen, 
the penis and the nasal mucous membrane. 
A VEIN (L. veneo, to come) is so termed 
because it conveys the blood returning to 
the heart. It has three tunics, like an artery, 
but they are less distinct, and thinner than 
the corresponding tunics of an artery. In 
the connective tissue of an artery there is a preponderance of yellow fibrous tissue, 
while of a vein there is a preponderance of the white fibrous variety, the elastic 
fibres being few in number. Consequently the veins are tough, but not elastic, and 
generally appear in prepared specimens more or less collapsed and filled with blood, 
due to their lack of elasticity and contractility. The adventitia consists of white 
fibrous tissue, among which is a small amount of the yellow variety. The media 
consists of Involuntary muscle fibres, a large 
amount of white fibrous connective tissue and 
a few elastic fibres. In the small veins the 
muscle fibres are disposed circularly around the 
vessel, but in the larger veins, as in arteries, 
longitudinally-disposed muscle fibres occur in 
the media, which may be collected into layers, 
in some veins internal to the circular layer, as 
in the femoral, in others external to the circu- 
lar layer, as in the inferior vena cava and the 
hepatic. In some veins the muscular coat is 
almost entirely absent, as in the upper part of the inferior vena cava. In some 
veins, as those of the brain, spinal cord, bone and venous sinuses, there is no muscu- 
lar coat. In many veins, especially in those of the lower extremity, in order to pre- 
vent regurgitation of the blood, there are reduplications of the intima, termed 
valves, which are pocket-shaped projections strengthened by fibrous tissue, and 







transverse section of a me- 
dium sized vein. 



(a) tunica adventitia; 
(o) tunica intima. 



(6) tunica media; 
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in some instances by muscle fibres derived from media. The valves are so ar- 
ranged that the concavities are toward the heart. In the iiitima of a vein the 
internal elastic membrane is less distinct than in an artery, and the endothelial 
cells are less elongated than those of an artery, and are arranged with their long 
axis not paralleled with the long axis of the vein, but oblique to it. 

Experiment 74. Stain with haematoxylin and eosin and mount a transverse 
section of a small artery. Examine with the low power and sketch the threi- 
tunics. With the aid of the high power sketch portions of the adventitia, media 
and intima. 

Exp. 75. Prepare as in Exp. 74 a transverse section of a large artery, as 
the femoral or the renal. Notice the elastic tissue in the media and the two zones 
of the adventitia. Look for cross-sections of longitudinal muscle fibres and of 
elastic fibres. Notice the vasa vasorum. Look for and study the three layers 
of the intima. Sketch. 

Exp. 76. Examine the specimen of the umbilical cord used in Exp. 41. 
Find artery, and look for the cross-sections of the longitudinal layers of in- 
voluntary muscle fibres, internal and external to the circular layer. Sketch. 

Exp. 77. Stain and mount a section of the aorta. Examine and notice the 
large amount of elastic fibres in the media. Sketch. 

Exp. 78. Stain with haematoxylin and eosin and mount a piece of areolar 
tissue, preferably the subcutaneous tissue. Look for small arteries (arterioles) 
and small veins cut longitudinally. Sketch. 

Exp. 79. Open lengthwise a small artery ; cut away as much of the wall 
as possible without injuring the lining of the vessel. Stain the lining with silver 
nitrate and examine. Notice the dark brown lines marking out the boundaries 
of the endothelial cells. Sketch. 

Exp. 80. Stain and mount a transverse section of a vein with Van Giesen 
stain. Examine and compare with a section of an artery. Notice the large 
amount of white fibrous tissue. Sketch. 

Exp. 81. Examine the mesentery or web of a living frog (curarized). No- 
tice the blood circulating in the capillary network. Look for leucocytes within 
and outside the vessel. By careful examination leucocytes may be observed 
passing through the capillary walls. 

Exp. 82. Examine the specimens which have been stained and mounted 
for the preceding experiments, and look for blood vessels. Study the vessels and 
endeavor to distinguish small arteries, veins, and capillaries from each other. 



CHAPTER VIII. 
THE LYMPH CHANNELS AND THE MEMBRANES. 

The lymppi channels may be regarded as extensions from the veins, as 
the larger-sized channels are similar in structure to, and terminate in, the veins. 
The lymph channels possess valves which are more numerous than those of the 
veins. They convey the lymph from the tissues to the veins. The lymph consists 
of a liquid, the liquor lymphae, and lymph corpuscles. The liquor lymphae is 
the liquor sanguinis, which has exuded from the capillary blood-vessels into the 
neighboring tissues. The lymph corpuscles are leucocytes which have passed 
from the capillary blood-vessels with the liquor sanguinis, and cells which have 
been added to the lymph as it passes through the lymphoid structures. The variety 
of leucocytes of the blood which have been termed lymphocytes may be regarded 
as lymph corpuscles which have passed into the blood vessels. The lymph, after 
having given nourishment to, and taken up various substances from the tissues, 
passes into the venous system directly by means of the capillary blood-vessels, 
or indirectly by means of the lymphatic channels. 

The lymph channels arise as lymph spaces, which exist in the clefts in con- 
nective tissue termed the interfascicular clefts. The clefts join one another and 
form lymph capillaries, which at first are lined by an incomplete layer of connec- 
tive tissue corpuscles, but as the vessels become more distinct they are lined by 
a layer of endothelial cells. In some instances the interfascicular clefts in the 
fibrous tissue of blood-vessels, nerves and ducts join one another and form dis- 
tinct enclosing canals in their outer coat, termed respectively perivascular (as in 
the liver), perineural (as in the brain and spinal cord), and periductular (as in 
the salivary glands) lymph channels. Into the interfascicular clefts of the fibrous 
tissue, beneath the^ endothelium of serous membranes, the excess of serous secre- 
tion passes, and is conveyed away by the lymphatic channels. In the small intes- 
tine the interfascicular clefts of the mucosa join to form club-shaped vessels 
termed lacteals, or chyliferous vessels, which, during absorption, contain a fluid 
similar in appearance to milk, which is due to the lymph containing a large 
amount of finely-divided fat globules. 

The lymph capillaries terminate in lymph vessels, which possess, besides an 
intima, some involuntary muscle fibres. As the vessels become larger the mus- 
cular coat becomes more distinct, and they acquire an outer fibrous coat, which 
is composed chiefly of white fibrous connective tissue, so that in the largest-sized 
vessels there are three coats, as in the veins, but thinner than the corresponding 
coats of the veins. For exainple, a transverse section of the thoracic duct 
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would exhibit three coats — an intima, media, and adventitia. The infima con- 
sists of an endothelial and a well-developed subendothelial layer, and an internal 
elastic membrane. The media consists of involuntary muscle fibres circularly 
disposed, mixed with which is white fibrous connective tissue. The adventitia 
consists of white librous tissue, some elastic fibres, and a longitudinal layer of 
involuntary muscle near the media. The lymph channels, before reaching their 
termination, pass through lymphoid tissue, loosely arranged or collected into 
nodules or glands.* 

Serous membranes line the cavities which are not exposed to the exterior, 
such as the peritoneal, pericardial, and ])leural. A serous membrane, besides lining 
the cavity, is reflected over the organs contained in the cavity, the portion lining 
the cavity being termed the parietal, that covering the organs the visceral layer. 

The serous membranes are strong, clastic, of a glistening white appearance, 
and consist of two portions, an endothelial and a stthendothelial. The suben- 
dothelial layer consists of loosely arranged fibro-elastic tissue in which there 
may be some lymphoid tissue, which blends with the fibrous tissue of the sub- 
serous membrane. The endothelial portion consists of a single layer of flat, 
irregular-shaped cells, held together b}' cement substance. In the cement sub- 
stance are small openings, stoniata, and collections of cement substance, pseudo- 
stomata, or stigmata. The serous secretion is watery, and contains serum al- 
bumin. The excess of the secretion can readily pass through the stomata into 
the interfascicular clefts of vlie subendothelial tissue and be conveyed away by 
the lymphatic channels. The blood-vessels which go to the serous membranes 
form a capillary network in the subendothelial tissue. 

Synovial membranes are the membranes which cover the movable sur- 
faces of joints and line the tendon-sheatlis and bursae. They consist of connec- 
tive tissue and the accompanying connective tissue corpuscles. To the synovial 
membranes there is no endothelial lining, although some of the connective tissue 
corpuscles may be found on the free Ijorder of the membranes. The outermost 
fibres of the connective tissue blend with the neighboring tissue. When the 
neighboring tissue is cartilage the fibres j^enetrate a portion of its matrix and 
form fibro-cartilage. The membrane may be thrown into folds, the Haversian 
fringes, or into small elevations, the villi. The capillary blood-vessels are numer- 
ous in the synovial membranes. The synovial secretion is a glairy, viscid fluid, 
somewhat similar in appearance to the white portion of an uncooked egg. 

Mucous membranes occur on tliose surfaces which communicate with the 
exterior of the body, conseipiently they are lined by epithelium. Tlie nmcous 
membranes are not continuous with serous membranes, except in one instance, 
wJiich is at tlie beginning portion of the 07'iduct. A mucous membrane consists 
of two portions, an epithelial and a connective tissue portion termed the tunica 



*Tlie collections of lymphoid lis.^ile wil! be coiisitli red in Cli.'iptcr X, 
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propria. The epithelial portion varies according to the location of the mem- 
brane ; it is stratified squamous in the mouth, in the pharynx below the posterior 
nares and in the oesophagus ; simple columnar in the stomach and intestines ; 
ciliated in the trachea, upper portion of the pharynx, epididymis and oviduct. 
The tunica propria may occur as a thin or as a thick layer of connective tissue. 
The connective tissue of which it is composed consists of white and yellow fibres; 
in some localities there is a preponderance of the former, in others a preponder- 
ance of the latter. The portion of the tunica propria nearest to the epithelium 
is condensed and is termed the membrana propria, or basement membrane. The 
tunica propria sometimes contains lymphoid tissue in some instances loosely ar- 
ranged, in other instances collected into nodules. Usually the connective tissue 
of the tunica gradual^ blends with the underlying connective tissue (submucous 
membrane), but in some instances it is separated from the submucous connective 
tissue by one or two layers of involuntary muscle fibres, forming a muscular 
layer to the mucous membrane, termed the nmscularis mucosae. A mucous 
membrane, in order to give a greater surface, may be thrown into folds, as the 
valvulae conniventes of the small intestine ; into elevations, as the papillae of 
the tongue and the villi of the small in- 
testine ; or it may form depressions, 
forming glands. Glands are of different 
varieties, depending upon the simplicity 
or complexity of the depressions. If 
the depression is a single tube, it is term- 
ed a simple tubular gland (Fig. 74, a). 
If the depression gives off secondary 
tubular projections, it is termed a com- 
pound tubular gland (Fig. 74, b). If the 
depression is as a dilatation it is termed 
a simple saccular gland (Fig. 74, c). If the depression terminates in more than 
one saccule it is termed a compound saccular (or racemose, from its similarity 
in appearance to a bunch of grapes) gland (Fig. 74, d). 

Experiment 83. Stain with silver nitrate a piece of omentum, and transfer 
it to the slide, being careful that it is not wrinkled, and mount in balsam. Ex- 
amine and look for the endothelium of lymphatic vessels. Examine the endothe- 
lium of the serous membrane, looking especially for stomata and stigmata. Sketch. 

Exp. 84. Stain with silver nitrate and mount a piece of the central tendon 
of an animal's diaphragm. Look for lymphatic vessels. Sketch. 

Exp. 85. Stain with haematoxylin and eosin a transverse section of the 
thoracic duct, mount, and examine. Notice the similarity which exists between 
it and a transverse section of a vein. Sketch. 

Exp. 86. Examine the specimens mounted in Exps. 21 and 23, and study 
the structure of the mucous membrane. Sketch. 




Fig. 74. 
DidgiaNimatic representation of the general shape of 

the varieties of glands, 
(a! sini;>le tubular; (/Vi compotind ttibular; (c^ simple 
saccular; (gJ compound saccular or racemose. 



CHAPTER IX. 

THE ALIMENTARY CANAL AND ITS APPENDAGES. 

Food, before it can be utilized for the maintenance of the body, must be 
digested and absorbed into the blood. After the food has been taken into the 
mouth it is divided into small particles, the process being termed niastication, 
which is eii'ected by means of the teeth. 

The teetHj are firmly retained within their sockets by means of the alveolar 
periosteum, which is reflected upon the roots of the teeth as a root nieinbrane. 
Each tooth is divided into three parts — a crown, a neck, and a root, according 
to some authorities ; into two parts — a crown and a root, by others, who regard 
the neck as a portion of the root. The crown is the portion of the tooth which 
projects beyond the gum. The crown of the tooth may exist as one elevation or 
cusp, two or more. If there be only one cusp the tooth is termed a cuspid, if 
two cusps a bicuspid, if three a tricuspid, etc., the number of cusps to one tooth 
usually not exceeding five. The neck of the tooth, or of the root of the tooth, 
is the portion which is embedded in the gum. At the junction of the neck with 
the crown there is a constriction termed the gingival line. The enamel above 
the line forms a ridge termed the basal ridge, or cinguluni. The root is the 
portion of the tooth which is embedded in the alveolar process of the maxillary 
bone, or in the gum and alveolar process, if the neck be considered as a portion 
of the root. It consists of a body continuous above as the neck, and terminating 
below in an apex in the lower jaw ; vice versa in the upper jaw. In the centre 
of the tooth, running lengthwise, there is a cavity termed the pulp c.witv, the 
portion of which contained in the crown is termed the pulp chamber, and the 
portion in the root the root canal. The pulp chamber at its upper portion in the 
lower teeth, or the lower portion of the upper teeth, terminates as a club-shaped 
cavity, with two or more projections, termed cornua, if the tooth has two or 
more cusps. The root canal is a continuation of the pulp chamber, and com- 
municates with tlie subdental tissue by means of an opening in the apex of the 
fang, termed the apical foramen. If the root should have more than one fang, 
there is a root canal in each. 

The dentine exists as a zone bounded internally by the pulp cavitv, ex- 
ternally by the enamel of the crown and the crusta petrosa of the root. It con- 
sists of an organic substance in which are mineral salts, and through which pass 
canals, termed the dentinal canals. The dentinal canals extend in a radial manner 
from the pulp cavity to just beneath the enamel, tcrniinating in irregular-shaped 
spaces, termed the interglobular spaces, the area containing the spaces being 
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termed the interzonal layer. Just before reaching the interzonal layer the tubules 
usually divide into two branches. A dentinal tubule contains a fibrilla, which 
appears beaded, and is either derived from a nerve or from a cell contained in 
the pulp. Offshoots from the fibrilla extend into the dentine, permeating it as 
network. In chemical composition dentine is very similar to bone, but there 
is more mineral matter in dentine than in bone, the amount of organic matter 




Fig. 75. 
Lungitudinal section of an incisor tooth (partly diagrammatic). 
(a) enamel; (h) interq:]obiilar spaces; (c) dentine; (e) crusta petrosa; U) pulp cavity; (d) artery; (v) vein, 
and («) nerve passinjr into nnlp cavity througli apical foramen; (/;) maxillary bone; (i) pericementum; 
(m) stiatiiled squam.ous epithelium of gttm, ': 

in dentine being about 27 or 28 per cent. ; of inorganic matter, which contains 
chiefly calcium phosphate, fluoride, carbonate and magnesium phosphate, about 
72 or 73 per cent. 

The enamel is found only on the crown of the tooth as a covering to the 
dentinal substance, and consists of hexagonal-shaped prisms closely packed to- 
gether and usually perpendicular to the zone of dentine. The prisms appear to 
be cross-striated, which is due to the minute canals which pass between the 
prisms and send branches into the prisms, dividing them up into small cubical- 
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shaped masses. In the deeper portion of the enamel the prisms appear to cross 
one another. The membrane of Nasmyth is a dehcate membrane composed of 
keratose (horny) epithehal plates which occur on the surface of the enamel 
in the very young, becoming worn away as the child becomes older. In chemical 
composition enamel is somewhat similar to bone, but in enamel the amount of 
mineral matter is about 96 to 98 per cent., the chief salts being calcium phos- 
phate, fluoride and carbonate. 

The cementum^ or criista petrosa, is found only on the root of the tooth 
as a covering to the dentinal substance. In structure it resembles compact bone, 
but does not contain canals. The lamellae are disposed longitudinally around 
the fangs ; between the lamellae are lacunae, which possess numerous canaliculi 
with well-marked branches. In chemical compostion, as well as in structure, 
the cementum resembles bone more than either the dentine or enamel does. It 
contains about 30 per cent, organic matter and about 70 per cent, inorganic 
matter. 

The dental pulp is somewhat similar to the marrow of bone. It con- 
sists of a reticulum of areolar and lymphoid tissue, in which are blood-vessels, 
nerves, lymphatics, and cells. The cells include lymphoid and "medullary" cells. 
The medullary cells, somewhat similar to the myeloplaxes of marrow, are large 
protoplasmic masses, which contain usually four or five nuclei, and are generally 
arranged as a layer on the outer surface of the pulp, being the remains of the 
odontoblasts of young teeth. IntO' the dentinal canals the dentinal fibrillae ex- 
tend from the pulp passing between the medullary cells. These fibrillae, giving 
ofT branches, reach the interglobular spaces, where they probably coinmunicate 
with the contents of the spaces, from which fibrillae extend into the enamel and 
into the canaliculi of the lacunae of the cementum. Whether the fibrillae are 
protoplasmic projections from cells contained in the pulp, or nerve fibrils, is as 
yet an unsettled question. From the manner in which they stain when treated 
with chloride of gold, and their beaded appearance, they seem to be nerve fibrillae. 

The blood siipplv to the tooth is large. One or more arterioles enter the 
pulp cavity through the opening in the fang of the tooth, divide into capillaries 
in the pulp, then form one or more veins, which pass out in the same way as 
the arteries enter. 

The lymphatics arise in the clefts of the pulp, and pass out into the neighbor- 
ing tissue, communicating with the lymph channels of the tissue. 

The nerves which go to and enter the pulp cavity are of the medullated 
variety. They lose their medullary sheaths and their axis-cylinders, divide into 
fibrillae, which are beaded in ai)pearance. The ultimate distribution of the 
fibrillae is an unsettled question, but probably they extend into the dentinal 
canals as the dentinal fibrillae to the various portions of the tooth. 

Experiment 87. Prepare a longitudinal and a transverse section of a tooth 
in the same manner as you prepared the sjiecimen of bone. After having mounted 




M }5 — Micriiiihotn^raph of a vertical section of a human li]) x 45. 
, skin surfact; h, heir fnllick'S and sebaceous glands in the sul>cutaner)Vis tissue; 
mucritis memhrainr of nral surjacc ; c. sections oi orljicularis oris muscle. 




otograph of a i>ortion of the jaw of a child x 6. 
•■'-■"(^'J"!^'*' apex of a deciduous or temporary tooth; c. dentine; 
'!!;!'^!^k" '''lasts between pulp and dentine; r. apical foranxn; 
....-f,.«p.. ,0th ill early stage of its development. 
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them, examine. Notice the pulp cavity, dentine, enamel, and cementum. Sketch 
under the low power the outlines of the tooth ; under the high power portions of 
its structure. 

Exp. 88. Prepare a thin section of a tooth recently extracted, as in Exp. 
87, and put it into a dilute solution of chromic acid (.5 per cent.) for forty- 
eight hours. Wash with distilled water and stain with haematoxylin. Examine 
and look especially for the dentinal fibrillae. Sketch. 

Exp. 89. Stain with haematoxylin a fresh specimen of dentinal pulp. This 
may be done by putting the pulp in normal saline solution on a slide and adding 
the haematoxylin. Cover and examine. Look for the fibrous reticulum, lymphoid 
cells, nerves, and medullary cells. Sketch. 



THE TONGUE. 

The tongue is a muscular organ, covered by mucous membrane except at 
its point of attachment. The organ is divided into two lateral halves by a sep- 
tum, or raphe, composed of connective tissue. The muscular tissue of which it 
is composed is of the voluntary variety, the fibres being arranged in bundles 
which run longitudinally, vertically, transversely and obliquely, some of the 
muscle fibres branching. Between the bundles of muscle fibres there is a loose 
network of areolar connective tissue, in which are blood-vessels, nerves, lymphatic 
vessels and glands. 




Fig. 76. 
A section of the tongue of a child. 
(&) mucous membrane formin;^ papillae; (c) junction of the dor^sal surfa:c with the lateral border; (a) 
artery ^v) ■\ein; (m) voluntary muscle cut in various sections; {g) mucous eland; ie) adipose tissue; 
(/) libious tissue; id) a transverse section of a papilla. 

Thl glands of the tongue are of two kinds, mucous and serous. The mu- 
cous glands are of the compound racemose type, are found in the submucous 
tissue, and are composed of mucous alveoli. The serous glands are found in the 
submucous tissue and between the bundles of muscle fibres. They are of the com- 
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Fig. 77. 
The mucous nicnibrane of the luider .surface of the 

tongtie of a cliild. 
(a) stratified .squamotis epitbeHnui; (c) tunic? propria; 
{b) microscopic papilla. 



pound racemose type, and exist only 
in the posterior portion of the 
tongue, especially in the region cov- 
ered by the circumvallate papillae, 
their ducts opening in the fossae 
which surround the papillae. 

The mucous membrane of the 
tongue is divided into two layers, 
epithelial and fibrous. The epithelial 
portion consists of stratified squa- 
mous epithelium, the lower border of which is thrown into depressions which fit 
over the papillae of the fibrous layer. The papillae of the tongue are of two 
kinds, the microscopic and macroscopic. The microscopic papillae are elevations 
of the outer portion of the fibrous tis- 
sue of the tunica propria. The ma- 
croscopic are elevations of the mucous 
membrane. The former variety oc- 
curs in all portions of the mucous 
membrane, while the latter occurs only 
on the dorsum of the tongue. 

The macroscopic papillae are of 
three varieties : 

1. Conical, or filiform. 

2. Fungiform. 

3. Circumvallate. 
The conical papillae are the most numerous of the papillae. They are 

conical in shape, the epithelium of which they are composed becomes keratose at 

the apex of each cone and projects as 
filaments of a horny appearance. 

The Fungiform papillae are bul- 
bous-looking projections of the mucous 
membrane, consisting of a peripheral 
portion composed of epithelium, and a 
central portion composed of fibrous tis- 
sue, an extension of the tunica propria. 
At the base of the fungiform papilla 
there is a slight depression of the niii- 
cous membrane, termed a fossa. 

Fig. 79. 
Filiform, or conical papilla, of the cat's tongue. TlIE CIRCUMVALLATE PAPILLAE are 

(a) horny threads due to the keratinization of the , . . 

npijer layers of cells of the mucotls membrane SOlliewliat Similar tO tllC fungiform 

Ih); (c) fihious core deri\'ed from the tunica 

piouria; (d; a transverse section of one cf the type. They are about tcu in uumbcr, 




Tig h 
A pijrhon of a section oT tbe tongue oi a rabbit 
(po,-^tcn"or region.) 
1;k) voluntary muscle cut lonyiiudinally ; (m') vol- 
nntaiy muscle cut Ivansver.^cly , (s) serous acini 
held together by fibrous tissue septa (J); (v) vein; 
{a J artery; (ji) nerve. 
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and are arranged in two rows, which converge and meet at the foramen caecum 
of the tongue, forming a V-shaped arrangement, the divergence being toward the 
apex of the tongue. Each papillae is about -^^ inch transversely. Separating the 
rows of papillae from the vallum there is a depression in the mucous membrane, 
termed a fossa. The under surface of the epithelium appears corrugated, in 
order to fit over the papillae of the 
fibrous tissue which composes the central 
portion of each circumvallate papilla. 
The epithelial portion of the lateral boun- 
daries of the papilla contains nerve end- 
ings for the appreciation of the sensation 
of taste, termed taste-buds. The taste- 
buds are not limited to the circumvallate 
papillae, as they may also be found in 
the epithelium scattered throughout the 
mucous membrane of the tongue, and in 
the mucous membrane of the soft palate 
and epiglottis. A taste bud is an ovoid or 
pear-shaped body, which communicates with the exterior by means of a small 




Fig. i'.O. 
A fnngifor'Ti papilla from the tongue of a rabbit. 
(a) strp.tified 'squamous epitheliu'n; (c) connective 
tibhae of the unica propria. 




Fig. M, 
Circumvallate papillae of a rabbit's tongue (a) stratified snuamous epithelium; (b) tasle-buds. 



Opening, the gustatory pore, on the surface of the tongue. It is composed of cells, 
neiiro epithelial cells, which evidently are cells of stratified squamous epithelium, 
which have been modified for their special function. The cells are of two 
kinds, gustatory and sustentacular. The gustatory cells are spindle-shaped, 
consisting of a body in which there is a large oval nucleus, and tapering ends, the 
distal of which extends into the gustatory pore. The proximal end is supposed to 
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Fig. ST. 
A taste bud highly magnified. 
(a) gustatdry pore; ( g) gusta- 
tory ci;Il; (s) sust'jntaoulai^ 
cell; (/) tunica ]>rof'ria con- 
taining incdullated iierve fi- 
bres; (c) stratified squamous 
epitheliuiTi. 



be continuous with a nerve fibrilla. The sustentacular cells are also spindle- 
shaped, but are broader than the cells of the other variety, and probably become 
gustatory cells. 

The fibrous portion of the mucous membrane, the tunica propria, consists of 
white and yellow fibrous tissue, among which, espe- 
cially at the posterior portion of the tongue, is lym- 
phoid tissue collected into nodules, or follicles. Be- 
neath the tunica propria there is some fibrous tissue 
continuous with that of the tunica and with that 
which separates the bundles of muscle fibres from 
one another, termed the suhmucoiis layer. To the 
fibrous tissue of the submucous layer the muscle 
fibres of the tongue are inserted. 

Blood-vessels enter the tongue, and branch, the 
branches supplying the muscles and the fibrous tis- 
sue of the tunica propria. 

Lymphatic vessels arise in the clefts of the 
fibrous tissue, join, and form large channels which pass from the tongue with 
the blood-vessels. 

The nerves to the tongue are of the meduUated variety, some of the fibres 

terminating in the muscle fibres as motor end-plates, others in the gustatory 

cells of the taste-buds. 

Experiment 90. Stain and mount a section of a rabbit's tongue, the section 
having been preferably obtained from the posterior portion. Examine and notice 
the papillae on the surface, the muscle fibres cut transversely, longitudinally and 
obliquely, the areolar tissue, blood-vessels, and nerves. Find a taste bud, and 
examine with the low and high powers. Sketch. 

Exp. 91. Prepare a section of the anterior portion of the tongue of a dog or 
rat, and notice the conical papillae. Sketch. 

The mucous membrane of the mouth is continuous anteriorly at the outer 
border of the lips with the skin, posteriorly with the mucous membrane lining 
the fauces. It consists of two portions, an epithelial and a fibrous. The epithelial 
portion consists of stratified squamous epithelium. The fibrous portion or timica 
propria consists of white and yellow fibrous tissue, densely arranged in the gums, 
not so densely in the lips, and least dense in the buccal mucous membrane. In 
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the tunica propria there are small mucous glands of the compound racemose va- 
riety, which communicate with the free surface by means of ducts which are lined 
near their orifices by stratified squamous epithelium. The tunica propria possesses 




Tig. 83. 
A longitudinal section of tlit 'ipper lip (hunuinj. 
t-i-) stirface of skin: ' // ) li lir I'oniclc containing a portion of a hair in the ct;nter; (a) iciiaceous gland: iw') 
voluntary intiscle ctit in varii-iis section-s; (/'■ ante;"ior border showing continuity cf the epithelif.in of 
the sKin with that of the month i.nn ; (g) ntticocs glarid with duct id); (v) blood vessels; (/) 
riljrotls connective ti.ssue- 

papillae, which cause depressions in the lower border of the epithelial covering. 
The fibrous tissue of the tunica is intimately connected to the periosteum of the 
palate and maxillary bones. 

The mucous membrane lining the fauces is similar to the buccal mucous mem- 
brane, except that it contains a large amount of lymphoid tissue, which is collected 
into masses or nodules ; on each side of the fauces there is an accumulation of 
lymphoid tissue, so great as to cause a protuberance of the mucous membrane, 
which is termed the tonsil. 



THE PHARYNX. 

The pharynx is a musculo-membranous tube extending from the posterior 
nares and fauces to the oesophagus. It consists of three coats, mucous, fibrous, 
and muscular. 

The mucous coat is continuous above with that of the nares and fauces, 
below with that of the Eustachian tubes, larnyx, and oesophagus. The epithelial 
portion of the mucous membrane is composed of two varieties of epithelium, that 
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lining the upper portion down to the palate, and extending into the Eustachian 
tubes, is ciliated stratified columnar; that lining the portion of the pharynx 
below the hard p>alate is stratified squamous. The tunica propria of the mucous 
membrane is composed of white and yellow fibrous tissue, in which there are 
mucous glands of the compound racemose type termed the phar\<ngeal glands. 
There is in the tunica a considerable c|uantity of lymphoid tissue, collected into 
nodules in the upper portion of the pharnyx, one of which is especially large, and 
situated between the orifices of the Eustachian tubes, termed the pharyngeal 
tonsil. Beneath the mucous membrane there is a loosely-arranged area of fibrous 
tissue, which may be regarded as a submucous coat, although there is no line of 
demarcation between it and the tunica propria. 

The firrous coat consists of densely-arranged fibrous tissue, termed the 
pharyngeal aponeurosis. Posteriorly it is much thicker than elsewhere, forming 
the raphe to which the constrictor muscles are attached. 

The .aivscular coat consists of the voluntary variety of muscle. External 
to the muscular coat there is a sheath composed of areolar connective tissue, 
which connects the pharynx to the neighboring organs. The blood-vessels pierce 
the outer coats of the pharynx, giving off branches to the muscle fil)res, reach the 
submucous tissue, and form a network from which branches supply the glands 
and the tunica propria. The lymphatics arise in the interfascicular clefts of the 
fibrous tissue in the various coats. The nerves are of both varieties, and besides 
supplying the muscle fibres they form a subepithelial plexus. 

Experiment 92. Stain and mount a transverse section of the pharynx. Ex- 
amine and notice the muscular tissue, the filjrous coat, and the mucous membrane. 
Look for JN'mphoid tissue and pharyngeal glands. Sketch. 

THE OESOPHAGUS. 

Extending from the lower end of the j)harynx to the cardiac end of the 
stomach there is a musculo-membranous tube, termed the gullet, or oesophagus, 
which consists of a central opening surrounded by four tunics, or coats. 

Mucous coat, or tunica mucosa. 

Submucous coat, or tunica subniucosa. 

Muscular coat. 

I~ibrous coat. 
The mucosa, the innermost of the coats, is continuous with the correspond- 
ing coat of the pharynx. It is thrown into folds termed rugae, which disappear 
when the oesojjhagus is distended. It consists of three distinct layers : 

E])ithelial, or inner layer. 

Tvniica jiropria, or middle layer. 

Muscularis nnicosae. or outer layer. 
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The epithelial layer is composed of stratified squamous epithelium. The 
tunica propria consists of areolar and adenoid tissue. In the lower part of the 
oesophagus the muscularis mucosae consists of two layers of involuntary muscle, 
an inner layer composed of circularly disposed fibres, and an outer layer com- 
posed of longitudinally disposed fibres. In the upper part of the oesophagus the 
muscularis mucosae is not present, but gradually makes its appearance in about 
the middle portion, and is quite distinct in the lower portion near the cardiac end 
of the stomach. 




Fic, 84. 
A portion of a tr.risveiF.e section of fhe oesophagus of a cliild (upper third.) 
{(t) strati.'ied squamous epithelium; (c) tunica propria; (m) rudimentary ri-uscuiaris mucosae: ih) a ruga; 
id) submucosa containing IjlooJ-vessels, adipose tissue and oesophageal gland; ie) inner layer and (5) 
cuter layer of muscular coat; 'J) connective tissue; {h) hbrous coat. 



In the mucous membrane of the oesophagus, near its junction with that of 
the cariac end of the stomach, there are a few tubular glands, termed the oeso- 
phageal-cardiac glands. 

The submucosa, sometimes termed the areolar or vascular coat, consists of 
an areolar connective tissue network in which ramify blood vessels, lymphatics, 
and nerves. Mucous glands of the compound racemose variety, termed the 
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oesophageal glands, occur in the submucosa. The acini of these glands are Hned 
by modified columnar-shaped cells, the nuclei of which are near the basement 
membrane ; the ducts are lined by cuboidal cells, except near the surface of the 
mucous membrane, where they are lined by an extension of the stratified squam- 
ous epithelium of the surface. 

The muscular coat consists of two layers of muscular tissue, an inner layer, 
composed of bundles of circularly-disposed fibres, and an outer layer, composed 
of bundles of longitudinally-disposed fibres. Between the two layers there is a 




Fig. 85 
A portion of a transverse section of the oesphagus of ?. 'lo^' (lower tliird). 
ia) stralifiecl nqiiamoiis epitlicliuiii ; (r) tunica propria; im) miiselaris mucosae (lont-itudiual and trans- 
\ erse sectifjns (-f involuntarj' nniscle); ib) ruga; ('/) sul)nurosa; (ej inner layer, ;md ((?) outer layer 
of nius''ular coat; i!) fibrous connective tissue; (it) fjurous coat. 



layer of areolar connective tissue continuous with the areolar tissue of the muscular 
layers, which in turn is continuous with the sulimucous and fibrous coats. In the 
upper third of the oesophagus the muscle fibres are of the voluntary variety, in the 
lower third they are of the involuntary variety, and those of the middle third are of 
both varieties, there being a gradual diminution and disappearance of the voluntary 




M ■JO--Microphotograpli of the pharynx of a cat x 30 illustrating coats. 
a. njiicons membrane; b. striated muscle; c, mucous glands in submucosa. 




(rSO])hagns 

stratified squamous epithelium nf mucosa; b. tunica propria of mucosa; c. ruilimcntary 
muscularis mucosae-; d, submucisa, suLmucosa ci-ntaining otsophagcal ::lanils; e. 
inner layer of muscular coat ; /, outer '^yer ot muscular coat on the riutcr edge <if 
which is shown a small portion of the fibrous coat. 
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variety, and a gradual appearance and increase of the involuntary variety from the 
upper to the lower third. 

The fibrous coat consists of yellow fibrous tissue mixed with a small 
amount of the white fibrous variety. The fibres are arranged circularly around 
the oesophagus, some of which are continuous with the areolar tissue of the 
muscular coat. External to the fibrous coat there is areolar connective tissue, 
which holds the oesophagus to the neighboring organs. 

The blood-vessels pierce the fibrous coat, and extend to the submucosa, giv- 
ing off branches to the fibrous and muscular coats, in the submucous coat the 
vessels form an anastomosing network, branches from which supply nourishment 
to the tunica propria. The lymphatics arise in the fibrous tissue of the oesoph- 
ageal coats and accompany the veins from the oesophagus. The nerves are of 
both varieties, and after supplying the other coats form a subepithelial plexus in 
the mucosa. 

Experiment 93. Stain and mount a transverse section of the oesophagus. 
Examine and notice to which variety the muscular tissue belongs. Look for 
oesophageal glands and ducts. Notice the mucous membrane thrown into folds 
or rugae. Sketch. 



THE STOMACH. 
The Stomach is a dilated portion of the alimentary canal, and has four coats, ;«;^(:(3?w. 




Fig. So. 

,\ Inngilndm;'! section ;il Lb.e jiiMction of the oesophag.is and sionijcli of a rat, .showing 
continuity of nincods niLMnhranc, 
fol epiUifliniu of oesophagus: ih) point of junction; (c) sn^all pavoii of stradlied sq'uimous epithelium; 

(M tunica propria: (^i collection of lymphoid tissue (lenticular gland); {in) muscularis mucosae; (s) 
oesophageal-cardiac glaDds. 

siibiiiiicuiis, muscular and serous. The first three are continuous with the corre- 
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sponding coats of the oesophagus, 
while the serous coat is analogous to 
the fibrous tunic of the oesophagus. 
The MUCOUS membrane, the most im- 
portant of the gastric coats, consists 
of three portions, the epithelial, the 
tunica propria, and the muscular. The 
epithelial portion consists of simpk 
columnar epithelium, the cells of 
which have not a striated border, rest- 

ing upon a basement membrane, which 

l^^^^g^^^^g^^L dips into, or nearly to, the muscularis 

mucosae, forming the gastric glands. 
The gastric glands are of two kinds, 
named according to their principal lo- 
cations, cardiac and pyloric glands. 

The cardiac glands are most nu- 
merous at the cardiac end of the 
stomach, although they may be found 
in all regions of the gastric mucous 
membrane except near the pylorus. 
They are compound tubular glands, 
arranged perpendicularly to the sur- 
face of the mucous membrane. Each 
gland, resembling in appearance a pair 
of trousers, consists of a mouth and 
two secreting tubules. The epithe- 

FiG. 87. ,.,.., 1 J- 1 1 J ■ 

longiiu.iinai section of the cirdiac enj hum Imuig the uiouth ot the gland is 

of the simple columnar type, which 
becomes cuboidal at the beginning of 
the tubules. The tubule is long, reach- 
ing to, or nearly to the muscularis 
mucosae, and has an irregular con- 
four. It consists of a canal lined by secreting cells. The canal runs the length 
of the tubule, terminating below in a blind extremity, above in the mouth of 
the gland, the portion of the tubule at its junction with the mouth being termed 
the neck. Lining the canal there is a layer of cells of an irregular quadrilateral 
shape, each cell containing a nucleus and granular protoplasm. These cells are 
termed central according to their location, chief or peptic cells on account of 




A portion of 

of the stomach (human). 

(m) S'lrtare of mucous rrembrane showing simple 
columnar epithelium (a) and mouths cf cardiac 
glandr ia'); (b) tunica propiia; (c) longitudinal 
section and (c') transverse section of secreting 
tubule of cardiac gland; (o) oxyntic ceil; (d) mus- 
cularis mucosae: (s) submuco.sa; (e) inner layer 
fcut trnnsveisely) and io) outer layer (cut longi- 
tudinally) of the nniscular coat, between which is 
the t'brous tissue (f) ; (i) endothelial layer of serous 
coat. 




M 43 






— Microphotngraph ot cardiac em] oi human striniacli x 4i.) illustrating the arrange 
nicnt of the coats of stomach. 
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M 44 — Microi}hotogra])h of a sfction of the mucosa of the cardiac end of a human stomach 

X 490, illustrating portions of tlie secreting tuliules of the cardiac glands. 
a. intcrtulfular purtions of the tunica propria; b. oxyntic cell ; c. central or peptic cells. 
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glands, lenticular glands, anil muscularis mucosae. 
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giving the ferment pepsin. Situated external to the central cells is the other 
variety, which consists of cells arranged, not in a continuous row, but at ir- 
regular intervals, thus causing the irregular contour of the tubules. These cells 
are ovoid in shape, each containing a nucleus and granular protoplasm, and are 
termed parietal according to their location, ovoid on account of their shape, and 
oxyntic (Gr. 0^05, acid) because they secrete the hydrochloric acid of the gastric 
juice. Leading from the canal between two neighboring chief cells to an oxyntic 
cell, there may in some instances be a clear-looking area, which is probably a 
means of communication between the oxyntic cell and the lumen of the tubule. 




Fig. 

Glands of the stomach. 
iA) car liac glaiij; iB) pyloric gland; (a) epithelial si:ria<e of the gastric mucous membrane; (m) 
mouth; {e) secreting tubules; (h) chief or peptic cells; (t-) oxyntic cell; (rf) lumen or canal. 

The Pyloric glands are simple tubular glands, located principally at the 
pyloric end of the stomach, and lined by a layer of quadrilateral-shaped cells very 
similar in appearance to the central cells of the cardiac glands. The cells, owing to 
their similarity in appearance, and when treated with reagents, to the central 
cells of the cardiac glands, probably secrete pepsin. The pyloric glands do not 
contain oxyntic cells. Although usually the cardiac glands are compound tubular, 
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and the pyloric simple tubular, some of the cardiac glands may be simple tubu- 
lar, and some of the pyloric compound tubular. 

The tunica propria of the mucosa consists of a network of areolar and 
lymphoid tissue between and around the gastric glands. Scattered about in the 
tunica propria, but most numerous at the ])yloric end of the stomach, are collec- 
tions or nodules of lymphoid tissue termed lenticular glands. 

The muscularis mucosae consists of two layers of involuntary muscle, 
the iimer of which is composed of fibres disposed circularly : the outer of fibres 
disposed longitudinally. 

The submucosa consists of a network of areolar connective tissue, in which 
ramify blood-vessels, lymjjhatics and nerves. The nerves form a sympathetic 
plexus, the plexus of Meissner. 




T'orlion .:! ^ -- - . 

slif'ving line mucous nml ^iiijiiuicous cnats, 

(p) pyloric gland: (/>') pyloric gland of the compound Lubi.l.ir type; (/>) duodenal glands; (h') sections 
ut diicts of tl)c duodei^al glaiids passing throngh tiie nuisciaris mucosae (la) to reach the sub- 
mucous coat (/ ) to torm tile gl'inds (g}; ( .^) surface ol mucous nieiiHiiane: (M tunica Jtropria; (a) 
aggregation of lymphoid tissue, (lenticular gland) . 



The muscular coat consists of involuntary muscle dis])oscd in two layers, 
an inner circular and an outer longitudinal ; at the fundus there is a third layer 
consisting of a few oljli(|ue fibres internal to the circular la}'er. ( )f the two 
lavers the circular is much thicker than the longitudinal, and between them there 
js a layer of areolar tissue which contains, besides vessels, a syni])athetic nerve 
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plexus, the plexus of Aiierbach. At the pylorus the circular fibres become more 
numerous and form a sphincter, termed the sphincter pylori. 

The serous coat, the most external tunic, is a reflection from the peritoneum, 
and covers nearly the entire surface of the organ. 

In the empty condition of the stomach its mucous membrane is thrown 
into longitudinal folds, termed rugae. 

The blood-vessels pass to the stomach between the layers of the mesentery, 
penetrate the muscular coat, giving off branches to the bundles of muscle fibres 
and the areolar connective tissue between the layers of the muscular coat, and 
reach the submucosa, where they form a network termed the plexus of Heller, 
which supplies the tunica propria, glands, and muscularis mucosae. 

The lymphatics arise in the connective tissue of the gastric coats, and form 
larger channels which pass out with the blood-vessels. 

The nerves are of both varieties, the medullated nerves being derived from 
the pneumogastrics, the non-medullated from the solar ])lexus. The nerves form 
a plexus of non-medullated fibres between the layers of circular and longitudinal 
fibres of muscular coat, termed the plexus of Auerbach, from which fibres pass 
to the submucosa and form a secondary plexus, termed the plexus of Mcissner, 
the fibres of which are smaller than those of the former plexus. From the 
latter plexus branches pass between the bundles of fibres of the muscularis 
mucosae, to su])ply the glands and to form a subepithelial plexus. 

Experiment 94. Stain and mount a longitudinal section of the junction 
of the oesophagus with the stomach. Notice the cessation of stratiiied squamous 
epithelium and the appearance of simple columnar epithelium, and tubular glands. 
Sketch, showing the oesophageal-cardiac, and the gastric cardiac glands. 

Exp. 95. wStain and mount a transverse section of the cardiac end of the 
stomach. Examine and sketch, under the low power, the coats. Under the 
high power study the structure of the cardiac glands, the muscularis mucosae, 
and the laj'ers of the muscular coat. 

Exp. 96. Stain with Haematoxylin and eosin or with orange G. a longi- 
tudinal section of the cardiac end of stomach. Alount and look for under high 
power, oxyntic cells. Sketch. 

Exp. 97. .Stain and mount a longitudinal section of the pyloric end of the 
stomach. Study and sketch the pyloric and the lenticular glands. Compare 
the appearance of the coats with the appearance of the corresponding coats 
of the specimen used in the foregoing experiment. 

THE SMALL INTESTINE. 

The small intestine has four coats, which are similar in nomenclature and 
disposition to those of the stomach. 

The mucous coat is the most important of the coats of the small intestine, 
and consists of an epithelial portion, a tunica propria, and a muscularis mucosae. 
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The cpitliclial portion consists of simple columnar epithelium, the outer border 
of the constituent cells being striated. The striated border, or cubicular seam, 
has not been demonstrated to consist of small canals leading from the free sur- 
face for a short distance into the cell-protoplasm, but owing to the fact that the 
striae occur on an absorbing surface it seems probable that they aid absorption, 
and are little canals appearing as dark lines when viewed under a microscope. 




Fig. 90. 
A portion of a transverse section of the duodenum of a cat. 
(v) villi; (c') duct of duodenal gland: {t) tunica propria; (m) n'uscularis mucosae; (s) submucosa, con- 
taining a section oi' the ductus communis choledorhus (d) as it is passing through the coats of the 
duodenum to open on the surlacc of the mucous membrane along with the pancreatic duct, and a portion 
of a duodenal gland (g); ia) inner layer and (c), outer layer of the muscular coat; (b) connective 
tissue; (e) endothelial layer of serous coat. 



The tunica propria consists of a network composed of areolar and lymphoid 
tissue. The musctilaris mucosae consists of two layers of involuntary muscle, 
the inner of which is composed of fibres disposed circularly around the intestine, 
the outer of longitudinally-dis]:>osed fibres. 

The mucous membrane contains the following important structures : 

Villi. 

Crypts of Lieberkiihn. 

Brunner's glands. 

Solitary follicles. 

Peyer's patches. 

Valvulae conniventes. 
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The Villi are finger-like projections of the mucous membrane, which 
are very numerous (about four million, according to Krause), and give to the 
mucous membrane a velvety-like surface. They are most numerous and largest 
in the upper portion of the intestine, and become fewer and smaller in size the 
nearer they are to the lower end of the small intestine, their average length 
being about y^ mm., their diameter about -^V mm- 




Fir. 91. 
Portion of a transverse section ol small intestine of a cat. 
(t') villi; (f) crypt ot Lieherkulin; it) tunica propria; ()«) muscularis mucosae: is) submucous coat 
containing areolar connective tissue, blood-vessels, lymphatics and plexus of Meissner; (a) inner layer of 
muscular coat, the fibres of which are cut longitudinally; ih) outer layer of muscular coat; ie) areolar 
connective tissue, between the two layers of the muscular coat and extending between the bundles of muscle 
fibres of the two layers, containing areolar connective tissue, blood-vessels, lymphatics and plexus of 
Auerbach; ig) ganglion cells; id) serous coat. 

A VILLUS consists of an epithelial covering of simple columnar-shaped cells 
with a striated border, among which are goblet cells ; a club-shaped lymph radi- 
cle, termed a lacteal or chyliferoiis vessel, which is in its central portion; a capil- 
lary network, formed by afferent arterioles and forming the efferent veins ; 
involuntary muscle fibres derived from the muscularis mucosae, which run length- 
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-wise of the villus and are connected to the fibres of the network of connective 
tissue ; a connective tissue network composed of areolar and lymphoid tissue. 

The crypts of Lieberkiihn, or simple follicles, are simple tubular glands 
extending perdendicularly from the surface of the mucous membrane to the mus- 
cularis mucosae. They occur in the mucous membrane between the villi, and are 
lined by simple columnar epithelium and goblet cells. Their function is to secrete 
the intestinal juice, the siicciis cntcricus. 




Tic. Jl. 
A villus of specimen used for Fig. 91, hignly luagniHed and partly diagrauitriatic. 
(c) epithelial covering containing simple columnar cells vvitli striated border and goblet cells ifi) ; (/) 
tunica propria: ( »j ) muscular I'Jtres derived from the muscularis mucosae; (a) artery; iv) vein; (c) 
lacteal or chyliferous vessel; try') crypt of i^ieberkulin ; {i} epitiielium ol the general surface of mucous 
niem'irane C'f the intestine. 

The valvulae conniventes are folds of the mucous membrane and part of 
the submucosa, and may be as much as two inches in length. The mucous mem- 
brane contains villi and crypts. They are not present in the beginning of the 
duodenum, appearing about two inches from the pyloric end of the stomach, 
becoming long and numerous in the lower portion of the duodenum and upper 
portion of the jejunum. At about the middle of the jejunum they begin to de- 
crease in number and size, disappearing in the lower portion of the ileum. Their 
functions are to retard the onward movement of the intestinal contents and to give 
a greater surface for aljsorption. 

The duodenae, or J-Jrunner's glands, are limited to the duodenum. They 
make their apjtearance as the duodenum begins at the jjyloric end of the stomach, 
becoming numerou.s in the upper portion, but are entirely absent in the lower 
portion. 'J'hey arc tubular glands which begin at the surface of the mucous 
membrane and extend through the muscularis mucosae into the submucosa, where 
the tubules become coiled upon themselves. They are lined by glandular e])ithe- 
liiim of the modified sim])le columnar variety. 




M 47 — Microphotograjili of the duorlenum (if a cat x JU. 
a, solitary follicle; h, duct leading down through the muscularis mucosae to the Briinner's 
glands in the submucous coat. 




M 48 — Microphotograph of a longitudinal section nf the jejunum of a cat x 20, illustrating 

a valvida couniventis. 
a, mucosa at the tip of vah'e showii^.g villi and cryps; h, submucosa; c. muscular coat; 
(/, serous coat. 







of the Peyer's patch; c siilimucosa. 
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The solitary glands are collections of lymphoid tissue, round or oval in 
shape, occurring in the tunica propria of the intestines. They are most numer- 
ous in the ileum, sometimes causing a bulging of the free surface of the mucous 




Fig. 93. 
A portion of a longiturllna! section of the jejunrin o' a cEt, showing valvula.'; ronniventes. 
iv) valvuiae conniveiitrs possessing villi, crypts and lymphoid ag^grcgations (solitary ff.illicles) ; ()).') muscu- 
iaris mucosae; (/) silbiniicosa, p-art of which extends into vahulae conniventes; to) inner layer (cut 
transversely) and (c- outer layer, (cut longitudinally) ol the muscular coat; '6) fibrous tissue be- 
Lwecri the t>vo layers of muscle; (j) .serous coat. 

membrane and encroaching upon the submucosa. They consist of an adenoid 
tissue network, in the meshes of which are lymphoid cells and capillaries. 

The agminated glands, commonly termed Peycr's patches, arc collections 
or aggregations of solitary glands, one patch containing, in some instances, as 
many as thirty solitary glands. They are from one to four inches long, and are 

^ c- ^ 
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in;. 94. 
A portion of a transverse section of the ileum of a cat (low power). 
(o) surface of mucous membrane possessing villi and crypts; (t) subrnucosa containing agminated gland, 
or Peyer's patch; (c) inner layer, and (rf) outer layer ot muscular coat. 

most numerous in the ileum. They are located in the mucous and submucous 
membranes of the small intesiine, opposite to the amesenteric border. 

The submucosa consists of a loose network of areolar connective tissue con- 
taining blood-vessels, lymphatics, and a plexus of nerves termed the plexus of 
Meissner. 

The muscular coat consists of involuntary muscle disposed in two layers, 
an inner circular and an outer longitudinal. The muscular coat is thicker in the 
upper portion of the small intestine than in the lower portion and is comparatively 
thin in the jejunum. Of the two layers, the inner is the thicker. Between the 
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two layers there is a small amount of areolar tissue, which contains, besides ves- 
sels, a nerve plexus, the plexus of Aiierbach. 

The serous coat is a reflection from the peritoneum, and envelopes the 
small intestine, excepting portions of the duodenum and the amesenteric border. 

The blood-supply to the small intestine is abundant. The arteries enter be- 
tween the layers of the mesentery, penetrate the muscular coat, and form an 
intermuscular plexus in the connective tissue between the two layers of the mus- 
cular coat. Branches from the intermuscular plexus pass through the inner layer 
of the muscular coat to the submucous coat, wherein they form another plexus, 
termed the plexus of Heller, from which branches arise to supply the muscu- 
laris mucosae, tunica propria, crypts, duodenal' glands, solitary follicles, Peyer's 
patches, and villi. 

\'eins arise from the capillary networks, and pass out in the same manner as 
the arteries enter. 
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Tortion of a longiludinal section of the ilctim of a cat (higli power). 
ie) epithelial lining of mucous meml.rane; (f) crypt; iv) villus; (f) tunica propria; (c') section of a 
crypt; Km) muscularis mucosae; (s) submucosa containing part of a Peyer's patch (a), portions of which 
extend through the muscularis muco.sae and cause a liuljiug of the free surface (at d) of the mucous 
mcmljrane; (6) inner layer (cut transversely) and (ffl, outer layer (cut longitudinally) of the muscular 
coat; ij) areolar connective tissue between the two layers of muscular coat; \k) serous coat 
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The lymphatics arise in the connective tissue of the intestine. The most 
important origin is in the lymphoid tissue of the tunica propria, in the solitary and 
agminated glands, and villi. The clefts in the lymphoid tissue of a villus are con- 
tinuous or communicate with the club-shaped lacteal in its centre. 

The nerves which pass to the small intestine are of the non-medullated vari- 
ety, and are derived from the solar plexus of the sympathetic system. The fibres 
form a plexus between the two layers of the muscular coat, termed the plexus 
myentericus of Auerbach, from which fibres pass to the submucosa and form a 
secondary plexus, the plexus of Meissner, in which the fibres are smaller and the 
ganglia less numerous than in the former plexus. 

Experiment 98. Stain and mount a longitudinal section showing the junction, 
of the pyloric end of stomach with the beginning portion of the duodenum. 
Notice the appearance of the Brunner's glands in the submucous coat. 

Exp. 99. Stain and niount a transverse section of the lower portion of the 
duodenum. Examine and sketch the arrangement of the coats. Examine a 
villus and a crypt, measuring the length of each. Look for Brunner's glands in 
the submucous coat. Sketch. 

Exp. 100. Stain and mount a longitudinal section of the jejunum. Notice 
the thickness of the coats as compared with the corresponding coats of specimen 
used in Exp. 99. Notice the valvulae conniventes~ the villi and crypts on their 
surface, and the fibrous core derived from the submucous coat. Look for solitary 
follicles. Sketch. 

Exp. 101. Stain and mount a longitudinal section of the lower portion of 
the ileum. Examine and study a Peyer's patch. Notice the difference between 
the villi and crypts when compared with those of the preceding specimen. Sketch. 

Exp. 102. Mount an injected section of the small intestines. Examine and 
study the disposition of the blood-vessels. 

Exp. 103. Examine a prepared specimen of the small intestine, showing one 
of the plexuses of nerves, and sketch. 

Exp. 104. Compare the specimens used in experiments 99 and 101. Notice 
the points of diflference, especially the layers of the muscular coat. 



THE LARGE INTESTINE. 

The large intestine has four coats similar, in nomenclature and disposition, 
to those of the small intestine. The mucous membrane is covered by simple col- 
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unmar epithelium, and possesses a well-marked muscularis mucosae divided into 
two laj-ers, an inner circular and an outer longitudinal. The mucou,? membrane 
differs from that of the smail intestine in containing only the crypts of Lieber- 
kijhn and the solitar}' glands. The crypts are very numerous and larger than 
those of the small intestine, and are lined by simple columnar-shaped cells, among 
which there are numerous goblet cells. The solitary glands occur in the upper 
portion of the large intestine, being present in the submucous and mucous coats. 
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The submucosa is similar to that of the small intestine. 

The muscular coat is composed of involuntary muscle disposed in two layers, 
an inner circular and an outer lono;itudinal, the fibres of the former layer in- 
creasinj,^ in numljer at the lower portion of the rectum to form the internal sphinc- 
ter ani. The outer layer is comj^osed of longitudinal fibres, which are arranged 
in bands ; the filjres in the caecum and colon being about one-half as long as the 
remaining coats, cause the sacculated appearance so characteristic of the caecum 




epithelial ])ortion ui the mucosa, illustrating the simple cnlumnar eintlielia 

their striated border and goblet cells, one of which is especially distinct at 
lower part of the left border of the villus; b. transverse section of a capillary i: 
vessel near the membrana propria; c, tunica propria showing connective tissue, 
]dioid cells, and vessels. 
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M 52 — Microphotograph of a portion of a trans\-erse section of the large intestine <jf a 
cat X 35, illustrating the arrangement of the coats. 
iO mucosa wilh crypt s of Lielierkiihn ; b, submucosa in which is a solitary follicle {/) ; 
c. inner layer, and e. outer layer of the muscular coat, separated by layer ot con- 
nective tissue (d); g, serous coat. 








///' 



M 53 — Microp _ 1 

vernii f'.irmis x 35. 
(2, cyiit of Lieberkulm; h. lunica iirnp--ia of the mucosa; r, solitary foUick'; d. sulimucosa; 
r, muscular coat; f, st-rous coat. 




M 54- MicroT'hfjtoRrapli illustratiii},' tlir ju net inn of the reetuni and anus <<( a cat x 5 5. 
(/, stratified sfjuamous ciHtheliuni of nuicous inrTiihraiic of the anus; b, Inurr end of tlic 
rectum showing; crypts. 
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and colon. The puckering of the muscular coat causes a puckering of the serous 
coat; the pouches thus formed are filled with fat, forming the appendices 
epiploicae. 




Fig. 97. 
Portion of a transverse section of the vermiform appenJi'-: of a cliiJd. 
(a) epithelial portion of the n'ucotis membrane consisting of simple coltminar cells and goblet (g) cells; 
(b) tunica propria; (/) crypts of Lieberkiihn cut longiturllnaliy, oDliguely, and transversely; (c) lymphoid 
tissuo, f'r') solitary follicle: (d) muscnlaris mucosae; is) submucous coat; (j) adipose tissue; (m) inner 
layer, and {m' ) outer layer of muscular coat; (e) serous coat. 

The lymphatic, blood and nerve supplies are similar to those of the small 
intestine. 

The VERMIFORM APPENDIX being a portion of the large intestine is made up 
in the same manner with a large amount of lymphoid tissue in the mucous coat; 
the lymphoid tissue in some cases being so great as to simulate in appearance an 
agminated gland. The muscular coat is very thin due to lack of use. 




-~"^ £.-.CS5?^c 



Fig. ys. 

Portion of a longitudinal section of the lower _ portion of the rectum (human) sho-ving continuity of the 

mucous membrane of rectum with thit of anus, and that of the anus with 

the skin just beyond. 

(a) rectal mucous membrane; (&) anal mucous membrane; (c) skin. 

Experiment 105. Stain and mount a section (transverse) of the upper por- 
tion of the large intestine. Examine and notice the rugae of the mucous mem- 
brane, the crypts of Lieberkiihn, the goblet cells, and the outer layer of the mus- 
cular coat. Sketch. 
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Exp. 106. Stain and mount a longitudinal section of the large intestine. 
Examine and look for a solitary gland. Sketch. 

Exp. 107. Stain and mount a transverse section of the vermiform a])pendix. 
Notice the large amount of lymphoid tissue ]5resent in the mucous and submu- 
cous coats, and the thin muscular coat. Sketch. 

Exp. 108. Stain and mount a longitudinal section of rectum in the region 
of the anus. Notice the crypts in the rectum, the stratified scpiamous epithelium 
of the anus, and the layers of the skin beyond the anus. 

THE LIVER. 

The liver is a compound tubular gland, the excretory duct of which is the 
hepatic duct. The tubular arrangement, although not well shown by the human 
liver, is shown by the gland of some of the lower forms of animal life, especially 
the frog. It has two coats, the outer of which is a reflection from the peritoneum 
termed the serous coat, the inner a fibrous coat. The serous coat forms a comjilete 
covering to the organ, being absent at the attachments of the Hgaments and at 
the bottom of the fissures. The fibrous coat is composed of densely-arranged 
white and yellow fibrous tissue, the former variety predominating, and forms a 
.comi:)lete covering beneath the serous coat. The fibrous coat sends ])rojections, 
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portion of tlie liver of Lin; pig to sliuw the lobLiiar ai rangement, consisting of (me lobule sur- 
rounded by portion.? of five otheis. 
((/I inLraUibular vein; i c) cords of liver cells radiating toward centre of lolndc; ( c) intralobular capil- 
tarics; (.b) llbrous tib^iie of tlie interlobular spaces in vliich is a section of a portal canal tdK 

termed Irabrciilac, into the suljstance of the liver, and accompanies the vessels 
entering tlie hver at the trans^'erse fissure as a reticular capsnk' termed the capsule 
of Glissuii. The cai)sule divides and subdivides, the divisions acconi])anying the 
branches of the vessel :uhimately the capsular fibrous tissue Ijlends with that of 
the trabeculae sent in from the periphery of the hver. In this manner the liver 
is divided up into smaller ])ortions, termed lobules. The lobules are not well 



Fig. 100. 
Diagrammatic representation of the liver. 

, interlobular artery ; v, interlobular vein ; b, interlobular bile duct ; 
r, intralobular capillaries ; d, bile capillaries ; e, group of liver cells ; 
i, intralobular vein. 



Plate I. 




Fig. 100 
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shown by the human liver, except in the very young child, but are well shown 
by the pig's liver. They vary from J„- to yo '"ch in diameter, and appear polygo- 
nal (usually pentagonal or hexagonal) in transverse section and quadrilateral in 
vertical section. In shape they resemble somewhat inverted truncated pyramids. 
The spaces between the lobules, the interlobular spaces, contain four sets of ves- 
sels, enclosed and held together by extensions of Glisson's capsule, which are : 
The branches of the portal vein, termed the interlobular veins. 
The branches of the hepatic artery, termed the interlobular arteries. 
The branches of the hepatic duct, termed the interlobular ducts. * 

The branches of the lymphatic vessels, termed the interlobular lymphatics. 
A lobule contains hepatic cells, blood capillaries, bile capillaries and a cen- 
tral vein. The hepatic cells vary in size, 
from 2-(jVt) to T1T0T5" inch in diameter, are 
polygonal in shape, and each one is com- 
posed of a mass of protoplasm in which 
is one and sometimes two nuclei, each nu- 
cleus containing one or more nucleoli. 
The cells are enclosed by a thin cell wall, 
and are arranged in groups radiating 
from the center of the lobule toward the 
periphery. The protoplasm of the liver 
cells contains some fat and glycogen. 
The bile capillaries arise between the 
liver cells, the walls of the capillaries be- 
ing formed by depressions in adjoining 
cells, join one another, and empty into the 
interlobular bile ducts. In the center of 
the lobule there is a vein, termed the in- 
tralobular or central vein, toward which the blood capillaries, the intralobular capil- 
laries, derived from the interlobular vein, converge. The intralobular vein runs in 

the centre of the lobule from the base towards its apex, 
receiving the intralobular capillaries, and empties into a 
vein at the apex termed a sublobiilar vein. 

The blood vessels of the liver. — The portal vein 
enters the liver at the transverse fissure and gives off 
branches, termed the interlobular veins, which pass be- 
tween the lobules. From the interlobular veins capilla- 
ries, termed the intralobular capillaries, pass into the 
Diagrammatic' representation lobules, forming an anastomosing network ; the vessels, 

of a vertical section of a 

lobule of the liver. converging toward the centre of each lobule, enclose 

(c) intralobular capillaries; 

(0 intralobular vein; (s) \\\tt cords of livcr cclls and empty into the central vein, 

sublobular vein. 




Flu nil 

Pjrtun jf a section of the human li\er 
(a) liver cells; (&) bile capillaries; (c) intralo- 
!)ular (blood) capillaries containing colored 
corpuscles and leucocytes; (d) group of liver 
cells enclosing a capillary. 
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termed an intralobular vein, which empties into a sublohitlar vein. The sublo- 
bular vein join to form the hepatic veins. The hepatic veins occur as channels 
in the substance of the hver, and not with the interlobular vessels, their walls, 
on account of being in close union with the liver-cells, remain open after death. 

The hepatic veins occur as three 
main channels, in addition to 
numerous small ones, all of which 
empty into the inferior vena cava. 
The hepatic artery enters the 
liver at the transverse fissure, and 
divides into branches, some of 
which supply nourishment to the 
capsule of Glisson, and are termed 
vaginal branches; some supply the 
capsule of the liver, termed capsu- 
lar branches ; the others become 
interlobular arteries, which give off 

Fig. 103. 
Scliemanc reprtsentatiun of the circulation through the Capillaries, the interlobular CdpH- 
Ji^'cr. 

(a) hepatic artery; (t') portal vein; (ft) interlobular vein; larieS, which SUpplv nourishment 
id) interlobular artery; ic) intralobular capillaries; ix') i l J 

interlobular capillaries; (ti) intralobular vein; is) sub- , . , , , j 

lobular vein; (h) hepatic vein; (e) ascending vena cava. tO the mterlobular SpaCeS and aUaS- 

tomose with the intralobular capil- 
laries. Thus the intralobular capillaries contain blood brought to the liver by 
the portal vein and by the hepatic artery. The blood derived from the hepatic 
artery, after it reaches the intralobular capillaries, passes from the liver by 
means of the same channels which convey the blood derived from the portal vein. 
The hepatic duct. — The bille capillaries are formed by depressions in 
neighboring liver-cells, the wall of the capillaries being portions of the cell walls 
of the liver-cells. The capillaries join and empty into an interlobular bile duct, 
which joins the other interlobular bile ducts to form the hepatic duct. The 
hepatic duct is formed by the union of two channels, one from the right lobe, 
the other from the left lobe of the liver, each being formed by the junction of the 
interlobular bile ducts of their respective lobes. It consists of three coats — an 
inner mucous, a middle muscular, and an outer fibrous. The mucous coat con- 
sists of a layer of columnar-shaped cells resting upon a basement membrane, 
beneath which there is a tunica propria. The middle coat consists of involuntary 




M 55 — Microiihntograph of a secti( n oi a pig's liver showing loljulatinn liesides rep;ular 

Jivcr structures x 45. 




M 56 — Microphoto£,raph of a j)nrtion of a lobule of the liver of a raliliit x 39U, 
T', intralobular \'ein; a. intralobular blood-capillaries; c', cords of liver cells; b, liver cells 
showing cell walls and sbap^' of the cells. 







Al 5 -Micrn].hot(isra]ili ot a scctmn ut lh<- livjr ot a Ung x .1/, siuiwiiif^ tlu- sail MacMer. 
(/. villus o'i the mucMsa; h. caiisulc of Gli>S[iii; c. jxirtiou ni a loliuk- of the Hver. 




'M 5S — Micruphntograph of a stction of luiman livtr illustrating the ]h>yUi 

canal x 152. 
a, artery; d, duct; r, vein; c, connective tissue. 
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iitralnliular iiL-tunrk uf liluod capillaries. J 





Fjo. 104. 
A transverse section of the portal canal 

of the liuman liver, 
(a) interlobular ^rtciy; (b) interlobular 
bile duct; (v) iiUerloltular vein: (c) 
lympb channelize/) fibrous tissue of 
tlie capsule of Olisson. 
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muscle fibres circularly disposed, among which 
there is some fibrous connective tissue. The 
outer coat consists of areolar connective tissue. 
The hepatic duct and its interlobular branches 
have numerous diverticula. 

The contents of an interlobular space are 
spoken of collectively as a portal canal. A portal 
canal consists of an interlobular artery, an inter- 
lobular vein, an interlobular bile duct, and lym- 
phatic vessels, all of which are surrounded by 
an extension of Glisson's capsule and held to- 
gether by projections from the capsule of each 
canal. It is common to find more than one of 
each in one canal. The 
nerves to the liver are of 
both varieties, the medul- 
lated being derived from 

the pneumogastrics and the right j)hrenic ; the non-medul- 
lated from the hepatic plexus of the sympathetic system. 
The nerves accompany the vessels into the liver and be- 
tween the lobules, their termination being unknown at the 
present time. 

The lymphatics of the liver are arranged in two sets, 
superficial, and deep. The superficial set arises in the capsule of the liver. The 
deep set arises in the connective tissue of the interlobular spaces, and probably 
around the intralobular capillaries as perivascular channels. 

The gall bl.-xdder consists of 
three coats similar to those of the 
hepatic duct. The inner or mucous 
coat is thrown into folds or rugae, 
which disappear when the bladder is 
distended. The middle coat contains 
beside dense fibrous tissue, involun- 
tary muscle fibres, some of which 
run longitudinally, others circularly. 
Experiment 109. Stain with 
Van Giesen stain and mount a sec- 
tion of a pig's liver. Examine and notice the lobules, the interlobular and intra- 
lobular veins. Measure two lobules. Sketch. 

Exp. 110. Stain and mount a section of human or rabbit's liver. Examine 
and notice the lobular arrangement under the low power. Examine under the 
hio'h power the liver cells and the constituents of a portal canal. Measure three 
liver-cells. Sketch. 



Fig. 105. 
TraiiFverse section of a 

bile duct, 
(a) simple columnar 
cpilhelium; (b) iiivol- 
u.itary muscle (c) con- 
nective tissue. 




I'iG. 106. 

.\ portion of a section of the gall bladder of a cat. 

(a) ru^.ie coveied by .-imple columnar epithelium; (b) 
tunica propria; (c) few fibres of involuntary muscle 
cut longitudinally; (d) connective tissue containing 
a few transverse sections of involuntary muscle 
libres. 
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I r 1 
A section of submaxillary glainl of a child (under 

luw power), 
(a) fibrous capsule: (b) trabecillae, dividing the gland 
nito lobules; ftl acini; idi dfcts. 



Exp. 111. Mount a section of a liver the blood-vessels of which have been 
injected. Examine and sketch. 

Exp. 112. ]\Iount and examine a section of a liver the bile capillaries of 
which have been previously injected. Sketch. 

THE SALIVARY GLANDS. 
The principal salivary glands are the submaxilliar)-, parotid, and sublingual. 

The salivary glands are of the com- 
pound racemose variety, each being 
formed by a duct leading from the 
mucous membrane of the mouth. 
The duct branches dichotomously, 
the branches svibdividing in the same 
manner, their ultimate branches ter- 
minating in dilated blind pouches to 
form the lobules. Each lobule is 
formed by a number of small 
pouches termed acini, or alveoli. 

Areolar tissue formi a capsule to 
the gland, and sends inshoots termed 
trabecillae, into the gland, which sub- 
divide it into lobes and separate the 
lobules from each other. The alve- 
oli are oval in shape, and are of two kinds, mucous and serous, depending upon 
the kind of secretion which they give. 

The mucous alveoli are so termed because they give a mucous secretion, 
which is of a ropy consistency and contains mucin. Each alveokis consists of a 
basement membrane upon which rests a layer of secreting cells. Each cell is 
conical in shape arranged with its base on the basement membrane and its apex 
toward the center of the alveolus, and contains a clear-looking protoplasm. In 
the protoplasm near the basement membrane is the nucleus surrounded by a few 
granules. Between the cells there is a 
small amount of cement substance, of 
a hyaline appearance. In the peripheral 
portion of the alveolus, sometimes 
causing a Ijulging of the Ijasement 
memljrane, there is a crescent-sha]jed 
collection of dark granular-looking 
cells termed crescent of (Jiaiiu,::.ci, or 
demilune of Heidenhain, the constit- 
uent cells of which are termed the 
marginal cells. 

The serous alveolf, so termed 
because they gi^'e a serous secretion 

which contains serum albmilin, are a scet.on of a sabvar? gland' of an m^ant showing 

smaller than the mucous alveoli. The , ,^ ."'™""^ ='^'.'^"'"- ^ , ., 

■ a) acwnis; (o.) nciiii jiosscssMie: crescents or demilu- 
n,A]< rif tliit; U-r>p fif 'llvpfilnt; lifmSPSS .T r";': '<■' areolar connective tissue; (rf) transverse 

cells Ot tins t)pC 01 aUeOIUS possess a ^^^mn of a auct; (,r) longitudinal section of a duct. 
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Fio. 109. 
A section of the parotid gland show- 

inLT seif'US alveoli. 
(a) arinn.s; (rf^ duct; (c) connective 
tissue. 



granular-looking protoplasm, the nucleus of which is in the centre of the cell. 
Ihe cells nearly fill the aveoli, leaving a very small lumen perceptible. 

The ducts begin at the alveoli, the membrana 
propria of the aveoli being continuous with that of 
the ducts. The duct, as it begins at the lobule, is 
lined by simple squamous epithelium, which, as the 
duct increases in size, is replaced by a modified form 
of columnar epithelium termed rod epithelium. The 
rod epithelium occurs as a single layer of columnar 
shaped cells, each cell appearing to consist of two 
zones, the inner of which is granular and contains 
the nucleus ; the outer zone appears striated. The 
striae or rods, so arranged that an imaginary line 
continued in their long axis would pass through the centre of the duct, are prob- 
ably little canals. 

Of the human being, the parotid gland is composed of serous alveoli, the 
sublingual of mucous alveoli, and the submaxillary of both varieties. 

The blood passes into the gland by means of arteries, which pierce the areolar 
tissue capsule and send branches along the trabeculae, which terminate in a capil- 
lary network around the alveoli. Veins arise from the capillary network, and 
convey the blood from the gland. 

The lymphatic vessels arise in the fibrous tissue between the lobules and lobes, 
and communicate with those of the capsule, and finally join the lymphatics of the 
neighboring tissues. 

The nerves of the salivary glands are composed of both varieties, medullated 
and non-medullated. The nerves follow the division of the ducts, and form a net- 
work around the alveoli. It is possible that the ultimate fibrillae pass through 
the basement membrane and terminate between or within the cells. 

Experiment 113. Stain with haematoxylin and eosin and mount a section 
of the human submaxillary or parotid gland and one of the sublingual. Examine 
and look for mucous and serous alveoli, crescents of Gianuzzi, and ducts. Sketch. 

Exp. 114. Stain a section of a salivary gland with Van Giesen stain, and 
examine under both powers. Notice the connective tissue. Sketch. 



THE PANCREAS. 



The Pancreas (Gr. nar, all; Kp/as, flesh) is a racemose gland, resembling in 
structure a salivary gland, and is appropriately termed by the Germans "the ab- 
dominal salivary gland." It has a connective tissue coat composed of loosely 
arranged areolar tissue, in which there is some involuntary muscle fibres. The 
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capsule sends trabeculae into the gland, which divide it into lobes and lobules, 
from which projections extend between the acini. The pancreatic duct, the duct 
of Wirsung, consisting of a fibrous tube lined by simple columnar cells, divides 
and subdivides the ultimate branches terminating in dilated blind extremities 
which form the lobules. The dilated extremities have secondary dilatations termed 
acini. The columnar-shaped cells lining the pancreatic duct gradually become 
cuboidal in the branches, then squamous near the dilatations. The acini are more 
tubular than those of the salivary 
glands, and are lined by simple col- 
umnar epithelium which has become 
modified for the pur])ose of secreting 
the pancreatic juice. The protoplasm 
of the cells is divided into two zones, 
an outer homogeneous or faintly-stri- 
ated zone which stains readily with 
carmine and contains the nucleus ; an 
inner granular zone which does not 
stain readily with carmine. During 
the secretion of the ])ancreatic juice 
the granules, which arc claimed to be 

zymogen, gradually disappear, as a .\ portion o{ the pancreas of a cat (low powerl. 

ronsennenre of wliirh the inner ynnp '•" serous coat; (/) fibrous coat from which extend 
consctjuente OI \\mcn ine mner zone t.,abeculae (O which divide the gland into lobules; 

1 ^^^,^^. - ,.- ,.,-^ ^,,^1 +1 .... 4- fiit acini; ib) body of Langerhans; {d) interlol)ular 

Ijecomes nanow and the outer zone ,,„,(. f^/ interacinai connective tissue. 

"broader. During the periods of rest the granules accumulate in the inner zone 

which Ijecomes broader, while the outer zone becomes narrow. In the ducts, rod 

ei)ithelium does not occur, Scat- 
tered among the acini are round 
or oval bodies which are termed 
the "bodies or hiaiuls of Lamjcr- 
haiis." These bodies have 1)een re- 
garded as immature acini, but are 
more likely nerve terminations. 

The arteries are derived from 
the splenic, hepatic, and superior 
mesenteric arteries, and raniifv in 
the areolar connective tissue cap- 
sule, sending branches between the 
lobules and the acini. The ^'eins 
arise from the capillary network 
artjund the acini, and pass out in 
the same manner as the arteries 

enter, em])tying into the splenic and superior mesenteric veins. 

The lyiiiphaties arise between the acini, and pass through the interlobular 




Fio. III. 
A portion of specimen of pancreas used in Fit(. iro, more 

highly magnified. 
(a) capillary bbiod vessel in the interacinal connective 
tissue (/} ; (c) transverse section of an acinus; ((-') 
longitudinal section of an acinus; (J) interacinal duct; 
(t>) body of T.angerhans. 
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M 61 — Micrupliotograpii of pancreas of a cat x 45. 
a, acini ; h. liody of Langcrhans ; c , connective tissue ; d, duct. 




M 62 — ^Microphotograph of a section of a human pancr 
a, acini; h. body of Langerhans; c, fibrous trabecula. 
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and interlobar connective tissue to the capsule, whence they pass to the lumbar 
glands. 

The nerves are of the non-medullated variety, and are derived from the 
splenic plexus of the sympathetic system. They pass between the lobes and 
lobules, and probably terminate as the bodies of Langerhans and as a plexus 
around the acini. 

Experiment 115. Stain and mount a section of the human pancreas. Ex- 
amine and compare it with a section of the parotid gland. Notice the loose 
arrangement, the more tubular acini, and the absence of rod epithelium. Look 
for the bodies of Langerhans and ducts. Sketch. 

Exp. 116. Examine a specimen of pancreas stained with carmine. Notice 
the two zones of the cells composing the acini. Sketch. 



CHAPTER X. 
THE AGGREGATIONS OF LYMPHOID TISSUE. 

Lymphoid tissue may be arranged as a loose network ; or as aggregations, 
simple or complex. When loosely arranged it is termed diffuse lymphoid tissue, 
as is found in the tunica propria of the mucous membrane of the alimentary 
canal. The simplest type of the aggregations of lymphoid tissue occur as the 
lenticular glands of the stomach. The solitary glands of the intestine are aggre- 
gations of lymphoid tissue, usually oval in shape, the peripheral portion of each 
gland being more dense than the central portion. The glands are surrounded 
by a thin capsule of areolar tissue, and are permeated by blood capillaries and 
lymphatic vessels as clefts in the tissue. When a varying number of these 
solitary glands are collected together an agniinated gland, or Peyer's patch, is 
formed. WHien the solitary follicles are collected together with loosely-arranged 
lymphoid tissue a compound lymph follicle is formed. 



THE LYMPH GLANDS. 

The lymph glands are compound lymph follicles somewhat oval in shape. 
One portion of the surface of each gland is usually less convex than the re- 
mainder, in which portion, especially of the large glands, there is a depression, 
termed the hiluin, for the transmission of blood-vessels and the efferent lymph 
channels. The gland has a distinct capsule, composed of white and yellow fibrous 
tissue among which are involuntary muscle fibres, connected externally with 
the areolar connective tissue which serves to connect the gland to the neigh- 
boring tissues. In the largest glands the yellow filjrous tissue of the capsule 
is arranged in alternating layers of longitudinally and circularly-disposed fibres. 
The capsule sends inshoots into the gland, which terminate in a loosely-arranged 
network. Some of the inshoots are collected into bands termed trabcculae. 
The substance of the gland is com]>ose<l of a network of areolar and adenoid 
tissue, in which there are lymphoid cells and vessels. P.y the arrangement of 
the lym])hoid tissue the gland is divided into a cortical and a medullary or 
central portion. The cortical tortton encircles the gland, except at the hilum, 
and consists chiefly of dense collections of lymphoid tissue which are situated 
between the trabeculac. The collections of h'm|)hoid tissue are round or oval 
in shajje, similar in appearance and structure to the solitary gland of the intes- 
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tines. Between the nodules and the capsule of the gland and the trabeculae there 
is a narrow area in which is loosely arranged fibrous tissue containing lymphoid 
cells, termed a lymph sinus. 

The medullary portion consists of loosely-arranged lymphoid tissue, 
among which are dense collections of the tissue, of irregular shapes, termed medul- 
lary cords, and ramifying trabeculae and vessels. 




Fig. 112. 
A longitudinal section of a lymph gland of a sheep. 
(a) network of areolar and .adipose tissue; (b) capsule containing circular .-.nd longitudinal fbres of con- 
nective tissue; (c) trabecula; (c) lymphoid nodule; (i) lymph sinus; (d) medullary cord; (I'J vein; 
(/) lymph channel; (g) hiluni. 

The areolar connective tissue surrounding the capsule of the gland is loosely 
arranged, containing distinct irregular shaped spaces. The lymph passes through 
the spaces of the areolar tissue, through the capsule of the gland into the lymph 
sinuses, whence it passes through the lymphoid tissue of the gland. The lymph 
in this manner filters through the lymphoid tissue and is drawn toward the 
hilum to the efiferent lymph channels by means of the negative pressure at the 
hilum caused by the efl:erent vessels. Its onward course is aided by the contrac- 
tion of the involuntary muscle fibres contained in the capsule and in the trabecu- 
lae of the gland. 

The blood-z'cssels enter the gland at its periphery, including the hilum, some 
of which pass into the substance of the gland, enclosed by trabeculae ; others pass 
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directly into the lymphoid tissue. The blood passes by means of arterioles into 
the sinuses of the cortical and medullary portions, and is carried from the gland 
by veins which arise in the medullary portion and pass out through the hilum. 

The nerz^es to the glands are medullated and non-medullated, the ultimate 
distribution of which is not known. 

Experiment 117. Stain, moimt, and examine a section of a lymph gland, 
preferably of a sheep. Sketch, under both powers, portions of the capsule, tra- 
beculae, cortical and medullary regions. 



THE SPLEEN. 

The spleen is a compound lymph follicle, and is very similar in structure to 
the lymph glands. It has two coats, the outer of which, the serous coat, is a re- 
flection from the peritoneum; the inner is a fibrous coat, composed of white and 
yellow fibrous tissue containing involuntary muscle fibres. The fibrous coat 
sends in trabcculae, which by their ultimate ramifications form a network. The 




Fig. ll,i. 
}^nrtion of a .section nf tlit hutiian spleen, 
(c) fibrous capsule; (d tr.nbecula; (n) nucleus of in voluntaiy nuisclc fibre; (a'l Malpifhian coipusclc- (/•) 
splenic pulp; do blooil-vessels; (fc; Wood corpuscles; U ) transverse section ot .a trabecula. 

splenic substance is composed of lymphoid tissue arranged as a loose network 
termed the splenic pulp, and as dense aggregations termed iheMalpigJiian cor- 
puscles. 

The splemc pulp consists of a network formed by the ramifications of 
the trabeculae and adenoid tissue. The junctions of the fibres of the adenoid 




M b — M cr ll t gn 1 f a 1 i 1 i,la 1 a 1 (, x 1 "i 

a. hbruus tapsulL, b, Ijmph noduk , t, cd 11a \ l rl . 




M 6-t — llicrophotograph ot a section of the spleen ot a cat x 45. 
a. fibrous capsule; b, trabccula; c. Malpighian corpuscle. 
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tissue appear large, sometimes nucleated, and have been termed sustentacular cells. 
In the network there are numerous blood-vessels, lymphoid cells, leucocytes, and 
colored corpuscles of the blood. Some of the leucocytes and lymphoid cells con- 
tain pigment which has been derived from the disintegrated colored corpuscles of 
the blood. 

The Malpighian corpuscles of the spleen are dense collections of lymphoid 
tissue, very similar to the corresponding collections in the lymph glands, which 
may be found throughout the spleen, but are most numerous in its peripheral por- 
tion. They ensheath one or more arterioles, are most dense at their periphery, 
and are surrounded by delicate capsules. 

The blood-vessels of the spleen are of great importance. The splenic artery 
enters the spleen at its hilurn and divides into numerous branches, some of which 
are enclosed by trabeculae, while others pass directly into the splenic substance. 
The arterioles become continuous with spaces in the splenic pulp formed by the 
connective tissue, some of them having previously passed through the Malpighian 
corpuscles. The walls of the arterioles blend with the fibrous tissue of the net- 
work; as a consequence of which the blood flows into the spaces termed sinuses, 
of the splenic pulp, thus facilitating the disintegration of the enfeebled colored 
corpuscles of the blood and the addition of lymph corpuscles, to become lympho- 
cytes, to the blood. The blood, 
after slowly filtering through the 
lymphoid tissue, is carried away by 
veins, which begin in the same man- 
ner as the arteries terminate, join, 
and pass through the hilum as the 
splenic vein. 

The lymphatics occur as a 
plexus in the capsule of the spleen, 
which is continuous with clefts in 
the trabeculae, sheaths of the arte- 
ries, and the spaces of the lymphoid 
tissue. The clefts join and pass as 
lymphatic vessels from the spleen 
through the hilum. The flow of 
the lymph from the periphery of 
the spleen to the hilum is brought about by the contraction of the involuntary 
muscle fibres contained in the capsule and the trabeculae, and by the negative 
pressure at the hilum caused by the efferent vessels. 




-more highly 



'A, 

Fig. 114. 
Portion of specimen used for tig. 113- 
magnified. 

(a) Malpighian corpuscle; (c) lymphoid cells; (&) ar- 
teriole; (^) splenic pulp; t£) transverse section of a 
trabecuia containing sections of elastic and involuntary 
m\iscie fibres; (i') a trabecuia with an artery contained 
within it. 
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The ncrz'cs of the spleen are of both varieties, the medullated fibres being 
derived from the right pnetimogastric nerve, the non-medullated from the semi- 
lunar ganglion of the sympathetic system. 

Experiment 119. Stain with haematoxylin and eosin and moimt a section 
of the spleen. Examine and notice the trabeculae cut longitudinally, obliquely, 
and transversely ; the Malpighian corpuscles ; splenic pulp ; and blood-vessels. 
Sketch the general arrangement under the low power, and the individual portions 
under the high power. ]\leasure a Malpighian corpuscle. 

Exp. 120. Stain with Van Gieson stain a section of the spleen. Notice the 
connective tissue network. 



THE THYMUS BODY. 



The thymus body or gland, during its early stages of development, is epithe- 
lial in structure, while in its later stages it is lymphoid. It reaches its highest 
develo])rnent about the second year of 
extra-uterine life, then it undergoes ret- 
rograde metamorphosis, and disap])ears <-''^'- 
at the age of ]5uberty 
ty-one years ) . It cons 
lobes, each of which 




shaped S])aces thus formed contain h'm- 



I'lG. lis. 

A linilion of the Ihynius gland of a child. 

phoid tissue, and some of the remains <' ;J'I''-,, us capsule; u) irabi-ci.ia; (<r) conical por- 

i Uiii, ani (m) medullary port. on of a lobule. In 

r ,1 1 1 -il r 1 t i """^ medullary porlion there are three concentric 

01 the eml)ryonal-e])ithehal structure. corpuscles, and biood-vesseis. 
The lym])hoid tissue is more densely ar- 
ranged at the ])eriphery of the kjbule than at the centre, thus forming a densely 
arranged cortical zone enclosing a loosely arranged mediillar\- portion. As the 
gland degenerates the central ])ortion appears to l)e the first ]);trt affected, cim- 
sequently the contrast between the nicdulLary and cortical substance becomes 




M 65- — MiLruiihot(jgraph of a human thymus r'^H'I x 5n shuwinp; li;ljuldtiun. 
a. central or medullary prirtion of a loljule; b, cortical portiuii of a lol^tule. 




M 66 — Microphotograph of a thymus gland of a child x 1411 illustrating lymphoid 
and concentric corpuscles. 
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more marked as degeneration progresses. The epithe- 
lial structures which occur in the lymphoid tissue are 
termed the concentric corpuscles or the corpuscles of 
Hassel, are round or oval in shape, and consist of an 
outer . zone concentrically striated, arranged around 
one or more centrally disposed structures resembling 
somewhat in appearance epithelial cells. 

The arteries enter the lobes, and divide into 
branches, which accompany the trabeculae into the 
lobules and divisions of the lobules. The arterioles 

pass into the lymphoid tissue and form sinuses, from which veins arise and pass 
from the gland in the same manner as the arteries enter. The lymphatics are 
numerous in the lymphoid tissue, whence they pass to join those in the trabeculae. 




Fig. ii6. 
Concentric corpuscles of 
Hassel highly magnified. 





Fig 117 

Thymus gland cut tangeutal to the surface 

it) trabeculae; (/) lymphoid cells; (t) concentric 

corpuscles: (?') blood-vessels. 



Concentric corpuscles under 
high power. 



From the trabeculae they pass to the capsule, and become connected with those 
of the surrounding tissues. The nerves are derived from the pneumogastric 
nerves and the sympathetic s) stem. 

Experiment 121. Stain with haematoxylin and eosin and mount a section 
of the thymus gland. Examine and notice the lobules, trabeculae, blood-vessels, 
lymphoid tissue, and the corpuscles of Hassel. Sketch. 

THie TONSII.. 

The tonsil primitively regarded, is a protuberance of the mucous membrane 
of the fauces, the tunica propria of which consists of Imphoid tissue loosely and 
densely arranged. It consists of three portions, epithelial, lymphoid and fibrous. 
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The EPITHELIAL portion consists of stratified squamous epithelium, covering the 
free surface of the tonsil, continuous with that lining' the fauces. The epithelial 
covering forms depressions into the gland, which are termed the crypts of the 
tonsil, and are lined by stratified squamous epithelium. In some instances there 
may be as many as twelve crypts in one tonsil. The lymphoid portion consists 
of a close-meshed network of adenoid tissue closely packed with lymphoid cells. 
The lymphoid tissue is collected into nodules, and is also dififused. The nodules 
are most numerous around the crypts. The fibrous portion corresponds with 
the tunica propria of the mucous membrane and the submucosa. It extends into 
the tonsil at its attached border and contains vessels and nerves. In the portion 
of the fibrous tissue beneath the epithelium there are many mucous glands. The 




Fin. 119. 

A portion of .1 section of a humLin ton.sil. 

(e) stratified squaDous eijithelium; (/) fibrous tissue; («) lymplioid nodules; (<r) crypt. 

lymphoid cells multiply rapidly, some of which become lymph corpuscles or leu- 
cocytes, while others penetrate the epithelial covering and enter the fauces as 
salivary corpuscles. The distribution of the blood and lymphatic vessels and the 
nerves is the same as in the mucous membrane elsewhere. 

Experiment 122. Stain with haematoxylin and eosin and mount a section 
of a tonsil. Notice the epithelial, lymphoid, and fibrous portions. Look for 
salivary corpuscles along the free surface of the section, and notice the similarity 
betwen them and the leucocytes. Sketch. 

Exp. 123. Stain with Van Giesen stain a section of the human tonsil. No- 
tice the crypts lined by stratified squamous epithelium and surrounded by lym- 
phoid nodules. Sketch. 



CHAPTER XL 



THE RESPIRATORY ORGANS. 
THE LARYNX. 

The larynx is a cartilaginous box-shaped organ composed of cartilages, 
which are held together by ligaments, moved by muscles, and lined by mucous 
membrane. The cartilages are of the hyaline and yellow fibrous variety, those 
of the former variety being the thyroid, the cricoid, and the two arytenoids; those 
of the latter variety being the epiglottis, the tn'o cuneiform and the two cornicnlae 
laryngis. Lining the laryngeal surfaces of the cartilages there is mucous mem- 
brane, which is reflected over the vocal cords. The epithelium of the mucous 
membrane is of the ciliated stratified columnar variety below the false vocal cords. 
Above the false vocal chords the epithelial lining of the anterior surface of the 
larynx is composed of ciliated stratified columnar einthelium, while that lining the 
posterior surface is of the stratified squamous variety continuous with that of the 
pharynx. The ciliated epithelium ceases on the under surface of the epiglottis, and 
the stratified squamous epithelium begins, covering a portion of its under surface 
and its entire upper surface. In the mucous membrane there are numerous 
mucous glands. Connecting the mucous membrane to the cartilages there is 
fibrous tissue arranged as a submucous layer. The fibrous tissue adjoining the 
cartilage is arranged as a dense layer, and is composed chiefly of the yellow 
fibrous variety. The ligaments of the larynx consist of yellow fibrous tissue 
arranged in bands. The muscles of the larynx are of the voluntary variety. 

Experiment 124. Stain and mount a section of the epiglottis. Examine and 
notice the epithelium, the tunica propria of the mucous membrane, the acini of the 
mucous glands, and the cartilage. Sketch. 

THE TRACHEA. 

The trachea ( Gr. Tpaxeia, tumultuous) is a tube continuous with the lower 
end of the larynx, consisting of cartilage, fibrous tissue, involuntary muscle, and 
mucous membrane, which are disposed in three coats : 

Mucous. 

Submucous. ' 

Fibro-cartilaginous. 

The mucous coat consists of an epithelial portion and a tunica propria. The 
epithelium is of the ciliated stratified columnar variety, among the cells of the 
outer layer of which are numerous goblet cells. The tunica propria consists of 
white and yellow fibrous tissue containing some lymphoid tissue, and is disposed 
in two zones, the inner of which is loosely arranged, the outer densely arranged. 
In the tunica propria ramify blood-vessels, lymphatics and nerves. 



08 



MANUAL OF NORAlAl, HISTOLOGY. 



The submucous coat consists of a loose network of areolar connective tis- 
sue, in which blood-vessels, lymphatics, nerves, and glands exist. The glands, 
termed the tracheal glands, are of the racemose type, being most numerous at 
the posterior jjortion of the trachea, and are mucous in variety. 

The fibro-cartilaginous coat, so termed because it is composed of fibrous 
tissue and cartilage, consists of incomplete cartilaginous rings enclosed in a fibrous 
sheath. The cartilage of the trachea is disposed in C-shaped rings, the open 
portion being at the posterior pjortion of the trachea, and is of the hyaline variety, 
the outer surface of which, being invaded by yellow fibrous tissue, becomes yellow 
fibro-cartilage. The fibrous portion of the coat consists chiefly of 3'ellow fibrous 
tissue, forming an enveloping sheath to the cartilage. It forms a thick layer at 
the posterior portion of the trachea between the ends of the incomplete rings of 
cartilage, and also extends between the rings. At the posterior portion of the 

trachea there is some involuntary muscle fibres 
disposed in two layers, one containing trans- 
verse fibres; the other longitudinal fibres. 
The transverse fibres form a continuous layer 
between the ends of the incomplete cartilagi- 
nous rings. The longitudinal fibres are exter- 
nal to the transverse fibres, and are not so well 
marked. Areolar tissue serves to connect the 
tK^'^i^(^-'''^S^Cl^^?^^-'?- , trachea with the neighboring structures. 
i^^'^J^i^^'^^i^^^'^^ The blood supply to the trachea is de- 

rived from the inferior thyroid arteries. The 
vessels penetrate the coats to reach the sub- 
mucosa, where thev rami f v. the branches 
surrounding the glands and supplving the 
tunica piropria. The Ivinpliafics arise in the 
clefts of the connective tissue contained in 
the coats of the trachea. The iicrirs are of 
both varieties, the medullated fibres being de- 
rived from the pneumogastric, the non-medul- 
lated from the cavernous plexus of the sym- 
pathetic s\'stcm. 

Experiment 125. Stain and mount a sec- 
tion of the trachea. Examine and notice the 
ciliated epithelium, tunica propria, cartilage, 
tracheal glands, and fibrous tissue. Sketch. 










I'lC. IJO. 

A transvcr.se section of the trachea of 

the cat. 

(a) ciliated stratified columnar cpitbt linm; 

(q) ,?oblet ceil; (b) tunica propria; (c) a 

layer of e'.istic fihrcs cut 1 1 an?versely ; 

(d) subTiiucosa coi.taining part of a 
, tr^iclical gland; (c) inner layer, and (>') 

outer layer of fibrous tissue ensheathing 
, the hyaline cartilage (/) ; (<') blood 

vessels.. 
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M 69- ■ Microphotograph of a section of a human trachea x 500, illustrating the ciliated 
stratified cnlumnar i.'i)itheliuTn of the mucosa. 
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M 71— Microphotograph of section of pig-embryo used for M 70 x 20, illustrating the 
liranching of the Ijronciiial tul)es to finally terminate as the ah-eoli of the lung. 
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M 72 — Microphotograph of a section of human lung x 45. 
a. alveoli; b. brnnchial tulje ; c, bronchial artery; d, bronchial vein. 
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THE BRONCHIAL TUBES. 

The trachea di\^ides into two tubes, termed bronchi, which are similar in 
structure to the trachea. The bronchi divide, the divisions subdividing, the ulti- 
mate divisions, termed bronchioles, terminating in dilated extremities termed 
infundihula. There is a gradual change in structure of the bronchial tubes from 
the bronchi to the infundihula. The epithelium gradually changes from the 
ciliated stratified columnar variety to the ciliated simple columnar, to the 
non-ciliated simple columnar to the cu- 
boidal and to ihe squamous, the squam- 
ous variety lining the terminal bronchi- 
oles, and infundihula. The cartilage 
gradually changes from cartilaginous 
rings in the bronchi to cartilaginous 
plates in the bronchioles. In the termi- 
nal bronchioles there is no cartilage. As 
the tubes decrease in size involuntary 
muscle fibres occur in the outer border 
of the tunica propria, forming a muscit- 
laris mucosae, becoming more marked as 
the cartilage diniini.shes in amount, ap- 
pearing to take the place of the elastic 
iibres of the outer zone of the tunica pro- 
pria. The bronchioles consist of fibrous 
tissue and involuntary muscle fibres, and 
are lined by ciliated cuboidal epithelium, 
which is displaced by simple squamous 
as the bronchioles near their termina- 
tions. The bronchioles continue to di- 
vide until the divisions are of a diameter 
of about -jJ^ to ^V inch, then become di- 
lated, forming the hmg substance. 




Fig \n. 
Portion of a stcticr. of tlie lunt; showing 
bronchial tube, 
(c) epithelial linin;? of mucous men-.brane consist- 
ing of ciliated simple columnar epithelium; (f>) 
duct of bronchial gland; (m) layer of involun- 
tary muscle fibres; (f/'J bronchial i:land in sub- 
ii.ucosa; (c) caJtilage plate, (e) alveoli; (/) 
bronchial artery; (c/) pulmonary artery; {%■) 
pulmonary vein. 



THE LUNG. 

The substance of the lung consists of the dilated terminations of the bron- 
chioles, and areolar tissue containing blood-vessels, lymphatics and nerves. The 
terminations of the bronchioles, termed inftmdibula, intercellular passages, or 
air sacs, are pouch-like dilations, which have secondary dilations termed air cells 
or alveoli. The lung, consequently, may be regarded as a racemose gland, the 
ducts of which are the bronchial tubes which terminate in the main duct, the 
trachea. 
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The al\"eoli, or air cells, are small pouch-like distensions, which normally 
are filled with air, varying in size from -j-o-j to y\ inch in diameter. They con- 
sist of fibro-elastic tissue, lined b}' simple squamous epithelium. Between the 
alveoli is connective tissue, composed of white and yellow fibres, in which 
rami f 3' the blood-vessels. Covering the lung there is a serous coat, termed the 
visceral layer of the pleura. 

Tele blood supply of tpie lung — The lung has two sets of blood-vessels, 
the pulmonary and the broncliial. 




Fig. 122. 
Portion of a section of htiman lung. 
(e) epithelial (cuboidal) lining of a bronchiole; (m) iiivoluntary muscular fibres; (p) broiichial h'mph 
gland; (c) alveoli .'f lung showng lining epithelium (simple squamous); (r') alveolus in whch are 
sonie of tlie detacheil epithelial cells; (J) fibrous septum, between the alveoli, in which the blood capil- 
laries are located; (b) small bloc.d vessel contain Jig corpuscles; (u) bronchial artcrj ; (i') bronchial vein. 



The pulmonary artery conveys impure blood from the right ventricle of 
the heart to the lung. The vessel enters the lung with, but external to, the bron- 
chus, dividing as the bronchus divides and subdivides, and terminates as an 
anastomosing network of capillaries between and around the infundibula and al- 
veoli. The blood in this manner is brought into close relation to the air contained 
within the alveoli, and after being aerated returns to the heart by means of the 
[uilmonary veins. 

The PRONCHiAL artery is derived from the thoracic aorta, and conve\'s pure 
blood to the lung substance for its nourishment. Its branches form a capillary 
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network to supply the tissue of the bronchioles and of the lung, some of the blood 
passing from the tissue by the bronchial vein and some by the pulmonary vein. 
The lymphatics of the lung are arranged in two sets, one set arising in the con- 
nective tissue of the lung, the other set in the mucous membrane of the bron- 
chioles. Of the first set there are two sources, one just beneath the visceral layer 
of the pleura, the other in the clefts in the fibrous tissue between the infundibula. 
The two sets' communicate and terminate in the bronchial lymijh glands. The 
nerves are derived from the pulmonary plexuses v/hich are formed by the 
pneumogastric nerves and branches from the sympathetic system. The fibres 
possess ganglia, and accompajiy the branching bronchial tubes. 

Experiment 126. Stain and mount a section of the lung. Examine and 
notice the alveoli, the fibrous septa between the alveoli, and sections of bron- 
chioles, and blood-vessels. Look for the lining cells of the alveoli and of the 
bronchioles. Sketch. If the section includes a bronchial tube, study its struc- 
ture and sketch it. 

Exp, 127. Stain a section of the lung with silver nitrate. Look for the out- 
lines of the lining cells; also stomata and stigmata. 

Exp. 128. Mount a section of an injected lung. Examine and notice the 
capillary network around the alveoli. 

Exp. 129. Open the thorax of a curarized or pithed frog, being careful not 
to injure the lungs. Notice the lungs distended with air ; the air sacs and the capil- 
lary network of vessels. If necessary use an ordinary hand lens. 



CHAPTER XII. 

THE SKIN AND ITS APPENDAGES. 

The skin is divided into two zones, an outer zone, termed the cuticle or epi- 
dermis; an inner zone, termed the dermis, cutis vera (true skin), or corium. The 
epidermis is composed of stratified squamous epithehuni, modified to withstand 
the iniluence of the atmosphere and violence, acting as a covering for the pro- 
tection of the underlying dermis. On account of the modification of the epi- 
thelium, the epidermis is divided into layers or strata. The dermis is also divided 
into strata, the division depending upon the disposition of the component iibrous 
tissue. The strata of the skin are : 

Epidermis — 

Stratum corneum. 
Stratum lucidum. 
Stratum granulosum. 
Stratum ]\Ialpighi. 

Dermis — 

Stratum papillare. 
Stratum reticulare. 

The stratum corneum consists of the superficial layers of the stratified 
squamous epithelium, the cells of which have lost their nuclei and their proto- 
plasm has been converted into keratin. The stratum appears as if it were com- 
posed of horny-like fibres. 

The stratum lucidum consists of a layer of cells which have lost their 
nuclei and whose protoplasm has become converted into eleidin, a substance 
closely allied to keratin. 

The stratum granulosum consists of irregular-shaped cells the outline 
and nuclei of which can be readily observed, and whose protoplasm contains 
numerous dark granules. 

The stratum Malpighi or rcte inucositni, consists of several layers of cells, 
the lowest layer being composed of irregular cuboidal-shaped cells, the cells of 
the succeeding layers becoming more flat as they approach the stratum granu- 
losum. In the protoplasm of the cells of this stratum there are pigment granules 
which give the characteristic hue to the colored races of mankind. Extending 
between the neighboring cells there are bridge-like projections, which give to the 
cells a bristling appearance ; hence the cells are termed prickle cells. The lower 
border of the stratum Malpighi is thrown into depressions to fit over correspond- 
ing elevations of the dermis. The cells of the lower layers of the epidermis re- 
produce, the cells thus formed pushing those of the other layers nearer to the 
surface. The cells as they ajiproach the surface become flatter, and their ])roto- 
plasm gradually changes to eleidin, then to keratin. The outer lavcrs of the 
stratum corneum are continually being thrown or ru])l)ed oft', constituting a 
physiological desquamation. 
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The dermis consists of connec- 
tive tissue, in which are white and 
yellow fibres, arranged in two strata, 
the stratum papillare and the stratum 
reticulare. The stratum papillare 
consists of dense connective tissue 
arranged as elevations termed papil- 
lae, which fit into the depressions in 
the under surface of the e])idermis. 
The papillae are about y-j„ inch 
and long -j i^ inch in diameter at 
their base, and contain capillary 
blood-vessels. In some of the ])apil- 
lae, especially of the portions of the 
skin destined for the appreciation 
of the sense of touch, there are 
tactile corpuscles. 

The stratum reticulare is a 
loose network of white and yel- 
low fibrous tissue, in which are 
blood-vessels, lymphatics, and 
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Fig. 124. 
Portion of a section of skin of finger cut vertical to the 

surface. 
(a) stratum corneum; (b) stratum lucidum; (c) stratum 
granulosum; (d) stratum Malpighi; (c) stratum papil- 
lare; (/) stratum reticulare; (5") portions of sudoriferous 
gland; (h) suljcutaneous tissue; (i) transverse section 
of a Pacinian c<»rpuscle; (g) adipose tissue; (ji) trans- 
verse section of a medullated nerve. 



fic. iiJ. 

A portion of a section of the skin of the heel cut 
vertical to Ihe free surface. 

(o) up;jer portion of stratum cnrneum showing kerati- 
nized iiorous remains of superficial epithelial cells, 
and portions of duct of sudoriferous gland; (b) 
lower laver of stratvi.ii corneum showing outlines of 
the cells; ic) stratu:T. lucidum; (d) stratum gran- 
ulosum; (e) stratum Malpighi composcc of prickle 
cells; (/) stratum papillare containing Idood vessels; 
(g) stratum reticulare showing portion of a duct of 
sudoriferous gland, and transverse sections of elas- 
tic fibres. 



nerves, and in some localities of 
the body, as the scrotum, penis and 
the nipple of the mammary gland, 
involuntary muscle fibres. The 
fibres of the stratum reticulare 
blend with those of the subcu- 
taneous tissue. The two zones of 
the skin vary in thickness in differ- 
ent parts of the body. The sub- 
cutaneous tissue consists of a loose 
network of yellow and white fibrous 
tissue, the former predominating. 
Fat occurs in the subcutaneous tis- 
sue, sometimes as a distinct layer 
termed the panmculus adiposus. In 
the subcutaneous tissue of some 
localities, as of the penis, eyelids 
and labia minora, there is no fat. 
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THE APPENDAGES OF THE SKIN. 



The appendages of the skin are the nails, the hairs, and the cutaneous glands. 

A NAIL consists of an exposed portion, termed the bodv, which ends an- 
teriorly as a free edge ; and of an unexposed portion, termed the rool, which is 
covered by an overhanging portion, termed the nail fold, of the nail groove in the 
skin. The portion of the skin beneath the nail is termed the matrix, or nail bed. 
The portion of the matrix beneath the body of the nail is arranged in vascular 




Fig. 1J5. 
A portion of a lonKitudliinl section .if a child's rmg;er ?;lio\ving tlie nail. 
(f) r.ail fold; (l') nail Eroove in which ii located thj; root of the nail; (;;) hodv of nail; (a) bod}'-matrix; 
(/') skin 01 end of finger. 

and sensitive longitudinal folds. Beneath the root of the nail the papillae of the 
matrix are small and less vascular than those of the bod}'-matrix, causing the 
root to appear more opaque than the body of the nail. The opacity may extend 
beyond the nail groove, as may be readily observed in the nail of the thimib, 
producing a semilunar white area termed the lunula. The nail is essentially a 
highly developed stratum lucidum, the outer layer of which is slightly keratinized. 
The nail is attached, except at its free border, to the nail-bed, but only grows 
at its root. The nail-ljcd consists of the Malpighian stratum of the epidermis. 
The nail consists of three layers, the lowest of which is composed of cells similar 
to the topmost cells of the stratum Malpighi, the middle layer of the stratum 
lucidum, and the topmost layer of slightly keratinized cells. 



THE HAIRS. 

The hairs are appendages of the skin, and, like the nails, are modifications 
of the epidermis. They are found on nearly all surfaces which are covered bv 
the skin, being absent on the palms of the hands, soles of the feet and anterior 
portion of the skin of the jjenis. In some localities the hairs are extremely short 
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strata ut tht skui and corkbCiew-shaped ducts ut the suduritt- ruus 
glands in the stratum CMrnirum. 






w^iS'" 





M 75— i\licr(Ji)hijto^raph of a. i.nrtimi (,f a section of a cliiM's finger x 45. 
a, epidermis; h. nail fold; c, rrjot of nail; d. nail. 







M 76--Mierni,hntog,ai.h of llir skin of the scalp ><( a child x 45, 
a, adifiose tissue; /', hair follicle iiitn which a seliaceous gland empties; c. sndori fernus 
gland; ij, sehaeeons gland; c, hair hulh. 
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as on the upper surface of the eyelids and on the forehead, while in other regions 
they may be long and numerous, as on the free border of the eyelids, the scalp, ex- 
ternal genital organs, etc. 

A HAIR consists of two portions, a shaft and a root. The shaft is the por- 
tion which projects beyond the surface of the body, the root the portion below 
the surface. The lower end of the root is enlarged forming the hair bulb, which 
is indented on its lower surface to fit over a papilla of the dermis. The root is 
enclosed by a modification of the epidermis and dermis, termed the liair follicle. 




Fig. 12C. 
Pcrtion of a vertical section of the scalp. 
(a) stratum corneum; {b) stratum Malpighi; (c) stratum papillare; id) stratum reticulare; (s) portion 
of seliaCLOUs gland; {s') portion of a sebaceous gland with its dtict extenduig lo a hair follicle; {e) 
hair follicle containing a portion of a hair; (/) hair Ijulb fitting over a papilla of the dermis of the 
hair follicle; {g) sudoriferous gland; (/i) adipose tissue. 

which is narrow at the surface, and broad at the lower portion of the root. The 
hair consists of three portions, the external of which is termed the hair cuticle, 
the middle the fibrous cells, and the central portion the medulla or pith. 

The hair cuticle consists of irregular-shaped cells, arranged as a single layer. 
The fibrous cells form a layer just beneath the hair cuticle, appearing as long 
fibrous-looking cells. The medulla, or pith, is composed of irregular-shaped 
granular-looking cells which contain air vesicles and eleidin. The medulla is 
not present in all hairs. The color of hair depends upon the nuinber of minute 
air vesicles and the amount of pigment contained in the cells of the medulla and 
of the fibrous layer. As a rule, the greater the amount of pigment the darker 
the hair, and the greater amount of air vesicles the lighter the hair. 
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The hair follicle consists of modified epidermis and dermis. It consists 
of an outer fibrous and an inner epithelial portion. The fibrous portion is a 
modification of the dermis, and consists of three layers, an outer layer com]:iosed 
of connective tissue, chiefly of the yellow fibrous variety, the fibres of which 
are disposed lengthwise of the follicles; a middle layer, composed of connective 
tissue, the fibres of which run circularly around the follicles; and an iiuier layer, 
composed of a circularly-disposed hyaline 
membrane, corresjwnding to a membrana 
propria, termed the glassy membrane. In 
the middle layer of the fibrous portion of 
the follicles, in the regions where involun- 
tary muscle fibres occur in the dermis, in- 
vohmtary muscle fibres exist. 

Next to the glassy membrane comes tiie 
epithelial portion, which is svibdivided into 
an outer and an inner root sheath. 

The outer root slicatJi is composed of 
several layers of cells, which are similar 
to stratified squamous epithelium, and cor- 
responds to the stratum Malpighi of the 
skin, the cuboidal cells resting upon the 
glassy membrane. 

The inner root sheath is composed of three layers. The layer nearest to 
the outer root sheath is composed of elongated non-nucleated cells, and is termed 
Henle's layer. The middle layer is composed of one or more rows of polyhedral 

nucleated cells, and is termed Huxley's 
layer. The third layer, the layer nearest 
to the cuticle of the hair, is composed of 
cells similar to, and closely connected to. 
those of the cuticle of the hair. 

Some of the involuntary muscle fil^res 
of the corium extend to the hair follicle, 
forming an arrector pili. The contraction 
of the arrectores pilorum produces an erec- 
tion of the hairs and a pa])illarv appear- 
ance of the skin around the roots of the 
hairs, giving the condition termed cutis 
aiiserina (goose skin). 

The glands of the skin are of two 
varieties, the sebaceous and the sudoriferous. 



Fig. 1.2/. 

^V transverse section of .-i hair and its follicle. 

(a) outer layer, and ib) inner layer of the 
irbrous portion of the follicle: (c) glassy 
rnenhrane; id) outer root sheatli; ( l' )■ 
Henle's la>er; (/) Hu.xley's la\er; itj) 
cutictllar layer. 








^"""■■^ 

Fig. 128. 
X'orlion of a longitiiilinal section of the .'in- 
terior Ijnr'icr of X\\<t upper t ye lid. 
fa) stratuiH cn>-i-;eui[i ; ib) stratum Malpigbi ; 
(o) transverse seclioris of hair follicles; (jii) 
orl)icuIaris muscle; ic) eye laslies; (.v) 
sebaceous gliuil; id) riucl. of Meibominn 
gland {g')\ ic) epithelium of conjunctiva; (/) 
tiljrous connective tissue. 
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Tig. 1:J. 
Portion of a sebaceous gland of 

the scalp. 

(cl acinus; (c) a st-creting cell; 

l/) tiliroiis tissue; {d) duct. 



The sebaceous glands are found in connection with the hairs, Init may be found 
in locaHties which do not posses.s hairs. They are racemose glands situated in 
the corium and open usually in the upper portion of the hair follicle. The acini 
are lined by several layers of polyhedral cells under- 
going fatty metamorphosis to jDroduce the scbiiui. The 
duct is lined by culDoidal-shaped cells. The sebum is 
an oily licitiid at the temperature of the body, which 
becomes of the consistency of tallow on exposure to 
the atmosphere. It contains oil globules and debris 
derived from the disintegration of the cells lining the 
acini. 

The sudoriferous glands commonly termed the sweat 
glands, are of the simple tubular type, and extend from 
the free surface of the skin to the lower portion of the 
stratum reticulare, in some instances into the subcutaneous tissue. Each tube 
becomes coiled upon itself, the coiled portion being termed the gland, and the 
portion leading to the surface the duct. The tube is surrounded bv the connective 
tissue and involuntary muscle fibres of the stratum reticulare. The glandular 

portion is enclosed in a capsule formed 
by the fibrous tissue of the stratum 
reticulare, or of the subcutaneous tissue, 
and consists of the coiled portion of the 
tubule, which consists of three layers be- 
sides the ensheathing capsule of connec- 
tive tissue and involuntary muscle fibres. 
The outermost layer is the basement 
membrane. The middle layer appears as 
round or quadrilaterai-shaped cells, each 
of which contains a nucleus, which have 

Via. 1.50. . 

Fortion of a sudoriferous gland cf the section used bccn termed mvoluHtary musclc fibres, 

in figure 126. 

(/) fibrous connective tissue containing invoiun- Dut appear more like cuboidal-shaped 

tarv muscle fibres, forming a network which 

holds tbe portions of the glands together; (fc) cells than transverse sections of involun- 

o.iter layer of cells; (c) inner laver of cells 

liiiint; the canal (a); (v) blood vessels. tary musclc fibres. The inner layer is 

composed of a row of columnar-shaped cells around a central opening. The por- 
tion of the duct near the gland is lined by several layers of cuboidal-shaped cells, 
but as the duct approaches the surface the citboidal-shaped cells gradually are 
replaced by a layer of simple squamous cells, which in turn disappear in the 
epidermis, so that the portion of the duct which passes through the stratum cor- 
neum is represented by a corkscrew-shaped opening without a distinct lining. 
The secretion is a fluid which sometimes contains degenerated epithelial cells. 
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The blood-vessels of the skin. — The arteries enter the subcutaneous tissue 
and ramify; some of the branches extend to and form capillary networks around 
the glands and hair follicles ; others supply the dermis and extend into the papillae 
of the dermis. The veins arise from the capillary networks and pass into the sub- 
cutaneous tissue, terminating in the cutaneous branches of the veins. 

The lymphatics arise in the corium, join those of the subcutaneous tissue, 
and pass away from the skin in the cutaneous lymphatic channels. 

The nerves of the skin, after reaching the subcutaneous tissue, divide, the 
fibres extending to the glands, involuntary muscle fibres, and to the corium where 
a plexus is formed, from which fibres pass into some of the pjapillae to become 
tactile corpuscles, while others pass into the epidermis to terminate between the 
cells. In the subcutaneous tissue of some portions of the body, some of the nerve 
fibres terminate as Pacinian corpuscles. 

Experiment 130. Stain with haematoxylin and eosin and mount a vertical 
section of the skin of a finger. Examine and notice the strata of the epidermis 
and of the dermis. Look for Pacinian and tactile corpuscles. Sketch. 

Exp. 131. Stain with Van Gieson stain and mount a section of skin which 
is covered with hair, as that of the human scalp or of an animal's ear. Examine 
and study the structure of a hair, of a hair follicle, and of a sel)aceous gland. 
Sketch. 

Exp. 132. Stain and mount a vertical section of the skin from the sole of a 
human foot. Examine and study the structure of the sudoriferous glands and of 
the subcutaneous tissue. Sketch. 

Exp. 133. Stain and mount a longitudinal section of the tip of an infant's 
finger. Notice and sketch the nail, nail fold, nail groove, etc. 



CHAPTER XIII. 



THE URINARY ORGANS. 
THE KIDNEY. 
The kidney is a compound tubular gland, the excretory duct of which is 
termed the ureter. Its shape is similar to that of a bean, and about the middle- 
third of its concave border there is a slit-like opening, termed the hilnin, through 
which the ureter, blood-vessels, lymphatics, and nerves pass. The kidney has 
two coats, an outer dense fibrous and an inner musciilar coat, the latter consisting 
of an incomplete layer of involuntary muscle 
fibres. The fibrous coat is tough, smooth and firm, 
forming a complete covering to the organ, and 
extending through the hilum to line a central 
cavity in the kidnc)', termed the sinus. The 
fibrous coat is covered externally by a dense mass 
of adipose tissue, and sends ramifying projec- 
tions into the substance of the kidney which 
meet corresponding projections from the fibrous 
lining of the sinus. In this manner the kidney 
is divided up into lobules, the number of which 



varies between eight and eighteen. Although the 
lobular arrangement of the adult human kidney 
can not readily be recognized, it can easily be rec- 
ognized in the kidney of a human foetus or of an 
animal such as the sheep. 

The kidney substance is arranged around a 
central cavity, the sinus, being absent at one 
portion corresponding to the hilum, and is divided 
into two well-marked zones, the outer of which is termed the cortical, the inner 
the medullary portion. 

The medullary portion is composed chiefly of conical masses of a pale 
reddish striated appearance, termed the pyramids of Malpighi, of which there 
are from eight to eighteen, the number depending upon the number of lobules into 
which the kidney is divided. The pyramids are arranged with their bases toward 
the cortical zone, their apices toward and projecting into the sinus. The apex of 
each Malpighian pyramid is nipple-shaped, and is termed a mammilla, or papilla. 
Between the pyramids of Malpighi there are columnar-shaped extensions of the 
cortical substance, termed the columns of Bertini. 




Tli( 



Fk;. 131. 
ppcarance of a kidney which lias 
been cut in half, 
(c) cortical^ zone; ('n) medullary zone; 
(p) Malpighian pyramid; (b) column 
0[ Bertini; (f) medidlary rays, or 
pyramids of I'errein; (lO mammilla 
or apex of Malpighian pyramid; (s) 
snus; (h) hilum.; (a) renal artery; 
(i) calyx of uj-eter (u). 
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The cortical zoxe is about one-half as wide as the medulla, and has a bright 
reddish-brown granular appearance. The cortical zone, besides forming a zone 
be3'ond the medulla, sends projections between the Malpighian pyramids, termed 
the columns of Bertiiii. The portions of the cortical zone which extend over the 
bases of the Alalpighian pyramids are termed the cortical arches. Into the cortical 
arches extend pyramidal projections from the Malpighian pyramids, termed the 
incduUarx rays or the pyramids of Ferrcin. The sinus of the kidney contains the 
dilated portion of the ureter, termed the pelvis, in the same manner as a bag would 
be held in the hand, with the open end projecting from the hand. The pelvis 
divides into several divisions, generally four, termed infitudilntla, which in turn 
divide, each subdivision, termed a calyx, encloses the apex of a Malpighian pyra- 
mid. 




I'lr.. Ml 
P ii'tiDn <>i section of kidney uf '-uincE-pig. 
(/) fihrouf coat; Oi/ ) jralipiijhian ijojv; (n 'eclioiis of uiinifernus lul.r.les; (cl pyramil of Ferrcin; 
ib) Malpighian p\r,miid; id) colinrn of Bertini; (c) manjinilla; {c) oblique section of arteria propria 
renalis, anrl iz'j one of vena propria re'nalis; (.'jj loops of llenle. 

The substance of the kidney consists of uriniferous tubules, blood-vessels, 
lymphatics, nerves, and a connective tissue network termed the stroma. 

The uriniferous tubules begin in the cortical substance of the kidney, and each 
one after following a tortuous course 0])ens on the surface of a mammilla into 
a calyx. 

An URTNiFEROU.s TUBULE begins as a funnel-shaped envelope in the cortical 
substance of the columns of Bertini or of the cortical zone, termed the capsule of 
Bowman, or Malpighian ccfpsule ; on leaving the cajisule it becomes slightly con- 
stricted, the constriction being termed the neck. The tulnile now becomes con- 
voluted, thus forming what is termed the proximal convoluted tubule, after which 
it follows an irregular or si)iral course toward a Mal|)ighian pyramid, and is termed 
the spired tubule of Schacho\va. The tubule now enters the base of a T\Ialpighian 




M n — Microphotograph of human kidney x 45. 
a, filjrous cciat; h. cortical sui::Stance; r, medullary rays. 




M 78 — Microphotngraph of a prtrtion (if a section of a human kidnt-y x 39(1, illustrating 
a Malpigbian liody, and the simplt scjuamous cells lining tlit capsule of Bowman. 




M 79 — Microphotograpli of a portion of an injected kidney of a cat x 15S. 
a. glijmerulus ig) with its affcicnt vfssc! (a), and its efferent vessel (r), and the inter- 
lobular artery O) from whicli the afferent vessel is a branch. 
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pyramid, its lumen becomes smaller, and it extends down a variable distance 
toward the apex of the pyramid, as the descending limb of Henle's loop, bends 
upon itself, forming the loop of Henle, and passes toward the cortex, parallel with 
the descending limb, as the ascending limb of Henle's loop. It then enters the 
cortical substance as an irregular or zig-zag tubule, and again becomes convoluted, 
forming the distal convoluted tubule which terminates in a curved collecting tubule. 
The curved collecting tubule joins a straight collecting tubule, which passes through 
a Malpighian pyramid to open on the surface of its mammilla to empty into the 
pelvis of the ureter through a foramen papillarium. 

The straight collecting tubules begin at the apex of the mammilla, about six- 
teen or eighteen in number, divide and subdivide dichotomously, the branches 




Fig. 1o3- 

pi-fsentation of an uriiufernus tulaile, \A'iLh lining epithelium. 

:ck; [b) proximal convoluted tubule; (.d) spiral tubule of Schachowa; 
descending lirnb of TIenle's loop; ("/) the loon: ig) ascending limb of the loop; (A) zig-zag tubule; 
distal convoluted tubule; in) curved collecting tubule; {s) straight collecting tubule. 



A diagrniiimatic 
(c) cap'-.ule 01 Bovvmar.; ii;) 



U) 
(0 
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becoming more numerous the farther they are from the mammilla, and form a 
Malpighian pyramid. Most of the subdivisions cease on reaching the cortical 
arch, while others extend into the cortical arch, forming the meditUary rays, or 
pxramids of Fcrrciii. The structure of an uriniferous tubule is simjde, consisting 
of a basement membrane on which rests a single layer of epithelium. The shape 
of the epithelial cells varies in different portions of the tubule. In the capsule of 
Bowman and the neck it is of the simple squamous variety. In the proximal 
convoluted tuljule and the spiral tubule of Schachowa it is composed of j)olyhedral- 
shaped vertically striated cells, a nucleus being in the centre of each, and the in- 
dividual cells recognizable with great difficulty. The descending limb of Henle's 
loop is lined by simple squamous cells ; the loop, and ascending limlj by striated 
cuboidal cells ; the zig-zag tubule by striated cuboidal cells ; the distal convoluted 
tubule by cells similar to those of the proximal convoluted tubule, Init more dis- 
tinct : the curved collecting tubule by cuboidal-shaped cells, and the straight col- 
lecting tubule by cuboidal and columnar-shaped cells. The portions of the straight 
collecting tubules near the apex of the jiyramid are sometimes termed the tubes 
of Bellini. 

The elood vessels of the kidney. — The renal arterj^ passes through the 
hilum into the sinus, external to the pelvis of the ureter, and divides into four 
or five branches, which, after giving off branches termed vaginal branches tor the 
nutrition of the neighboring tissues, divide into the main branches of the kidney, 
the arteriac propriae rcnalcs. The arteriae propriae renales pass into the S])accs 
between the iMalpi.ghiati pyramids, there l)eing at least two to each jjyran.iid, rmd 
extend through the columns of Bertini to the bases of the p)a-amids. Each arteria 
propria renalis arches over the base of the pyramid as an arterial arch to anas- 
tomose with its fellow of the opposite side. During its passage through the column 
of Bertini the artery gives oft" branches to the capsules of Bowman contained in 
the column. At the base of the iMalpighian pyramid the arterial arrli gi\'cs 
off two sets of branches. One set, the arteriac intcrlohnlarcs, extends toward 
the periphery of the kidney to terminate in a capillary jjlexus, termed the si dial e 
plexus, just beneath the coats of the organ. In their course toward the peripherv, 
the interloljular arteries give oft' branches to the capsules of Bownian. eacli Ijranch 
passing to a capsule as an afferent vessel, divides into several branches which f(.)rm 
a coiled mass in the space enclosed by the capsule, the coiled mass being ternictl 
a cjlomerulus. A glomerulus and the enclosing capsule of Boicriiau compose a Mal- 
pighian body of the kidney. The vessel, after having formed a glomerulus, emerges 
as the efferent vessel, sxid. forms a capillary netivork around the proximal convoluted 
tubule. The capillary network thus formed anastomoses with the networks formed 
by other efterent vessels, the combined network enclosing all ])ortions of tlie 
tubules which are contained in the cortical portion of the kidney. The other set 
of branches from the arterial arch, termed the arteriac rectae, arise at right angles 
to the arch, and pass into the ^Malpighian |)yramids. The arteriae rectae of each 
pyramid terminate as a plexus at its a|iex for the nourishment of the contents of 
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the pyramid. The veins liave three .sources, one at the stellate plexus, another at 
the a]jex of each Malpighiau pyramid, the third at the plexus enclosing the convo- 
luted tubules. The vein which arises from the stellate jjlexus is termed a vciia iii- 
terlohiilaris, and follows a course parallel to the course followed by the correspond- 
ing interlobular artery. After receiving the veins which arise from the ca])illary 
networks surrounding the convoluted tubules the interlobular vein empties into a 
venous arch at the base of a Malpighiau pyramid, which also receives the veins, the 
venae reetae, arising from the plexus at the apex of the ])yramid. The venous arch, 




Fig- 135 — The distribution of the left renal artery. 
Of the si.x arteri;e propri;e renales. five enter in front of the renal ]K-lvis, and, lying 
upon the wall of the calyces, are distributed from the arterial arcade to both cortex and 
medulla. a, ureter; b^ renal artery: c, arteri^e propria renales; d, the dark border 
is the cortex, within which is the lighter medulla. (After Brodel, from Szymonowicz 
and MacCallum.J 

on reaching the column of Bertini, bends and follows a course parallel to the corre- 
sponding arteria propria renalis, being termed the vena propria renalis. The venae 
propriae renales join, and receive veins from the neighboring tissue, forming the 
renal vein, which passes from the kidney through the hilum. 

The STROMA of the kidney consists of a fine interlacing network of areolar tis- 
sue derived from the fibrous coat, which holds the other structures together. 

The nerves are of the non-meduUated variety, derived from the renal plexus. 
They are about fifteen in number, and enter the kidney through the hilum. 

The l\mphatics arise beneath the capsule, and between the uriniferous tubules 
and blood-vessels. They pass from the kidney through the hilum and terminate 
in the lumbar lymph glands. 

Experiment 134. Examine the kidney of a human foetus and notice the 
lobulation. 

Exp. 135. Examine a kidney which has been cut longitudinally into halves. 
Notice the cortical zone, the Malpighian pyramids, the columns of Bertini, the 
pelvis of the ureter, the sinus, and the hilum. 
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Exp. 136. Stain and mount a section of the kidne)'. Examine with the low 
power, and notice the difference between the cortical and medullary portions. 
Under the high power look for and examine the Alalpighian bodies, the sections 
of the tubules, the coats of the kidney, and the blood-vessels. Endeavor to 
recognize the different divisions of the uriniferous tubules. Sketch. 

Exp. 137. Mount a section of an injected kidney. Examine and notice the 
glomeruli, the afferent and efferent vessels, portions of the capillary networks, 
the interlobular arteries, the arteriae rectae, and the arteriae propriae renales. 
Look for a glomerulus having two vessels projecting from it and distinguish the 
aft"erent from the efferent vessel by its larger size. Sketch. 

Exp. 138. If the kidney of an ox be accessible, endeavor to tease out in 
dilute glycerin on a slide the different portions of an uriniferous tubule, the por- 
tions of the kidne)' having been macerating in hydrochloric acid 30% for 24 hours. 



THE URETER. 

The ureter is a fibro-muscular tube, beginning at the pelvis in the sinus of 
the kidney, and extending to the bladder. It consists of three coats, mucous, mus- 
cular and fibrous. 

The mucous coat consists of two portions, epithehal and tunica propria. The 
epithelial portion consists of transitional epithelium which extends into the calices 
above and is continuous with the epithelium of the bladder below. 




I'lr,. 1 i.,. 
.\ Ir'insversc stctioii if Ihc lu'ni.in Lir(.L(if. 
(a) lumen; (c) trrmMtinnal <|.Uh,l,um;(r! circular Iay.,r ,,( invnIiMilary muscle wilh some Inndudin.a! fil.res 
il. (rf) outer layer of longilu linally ihsposed uivoluutaiy muscle lilucs; (,) lihruus coat containing 
Ijlood vessels, adipose tissde, nerves and lymphatics. 

The tunica propria is composed of arcokir tissue in which capilkiry Ijlood- 
vessels ramify and lymphatics arise. 

The muscular coat is a distinct Jiand of involuntary muscle, continuous above 
with that of the covering of the Iddiiey, lielow with the muscular coat of the blad- 




M 80 — Microphotograph of a portion of a transverse section of the ureter of a cat x 50. 
a, mucosa; b, submucosa; c, muscular coat; d, serous coat. 




nuiC'iLis mcniliraiic; h, suhmucisa 

liiiifiitudiiial s(.-ctinn of imnluntary i 
muscle; /, scmns cnat. 



transverse sections (if in\'oluntary n.mscle; d. 
iLiscle ; c . transverse section ol in\ oluntary 
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der. It becomes more distinct as the ureter approaches the bladder, consisting in 
its upper portion of circular fibres, containing a few longitudinal ones internal to 
the circular fibres; and near the bladder consisting of circular fibres, internal and 
external to which are longitudinal fibres, thus appearing as three layers. 

The fibrous tissue of the covering of the kidney continues on the ureter, and 
becomes its fibrous coat, and consists of areolar and adipose connective tissue, 
containing ramifying blood-vessels, lymphatics, and nerves. 

Experiment 139. Stain and mount a transverse section of the ureter. Ex- 
amine and sketch. Notice rugae. 



THE BLADDER. 

The bladder consists of three coats. The outer coat is fibrous, and is con- 



tinuous with that of the ureter, external to 








Fig. 137. 

A portion of a section of the hun;an urinary bladder. 

(e) transitional epithelium; (t) tunica propria; Un) 
involuntary muscle filires most of which are circu- 
lariy disposed; (a) oblique sections of bundles of in- 
voluntary muscle fibres; (,h) circularly disposed fi- 
bres VNfliich, with the preceding two layers, make up 
the inner layer of t!ie muscular coat: (c) middle 
layer, and ig) external layer of muscular coat; {d) 
areolar and adipose tissue; (/) serous coat. 



which in some regions of the bladder 
there is a reflection of the peri- 
toneum, forming a serous coat. The 
middle coat of the bladder is mus- 
cular, and consists of involuntary 
muscle fibres. The muscle fibres, be- 
ing continuous with those of the 
ureter, have a tendency to be disposed 
in three layers, a middle circular and 
an inner and outer longitudinal ; but 
as the fibres spread out in the wall 
of the bladder they become so inter- 
twined that the division into three 
la)'ers is not very distinct. 

At the lower end of the blad- 
der the circular fibres increase in 
number and form a sphincter, the 
sphincter vesicae. The inner coat 
is a mucous membrane, which is cov- 
ered by transitional epithelium, and 
the tunica propria of which contains 
mucous glands and lymphoid no- 
dules. 

The arteries to the ureter and to 
the bladder ramify in the fibrous 
coat of each, the branches extending- 
to the tunica propria, where they 
terminate in a capillary plexus. The 
veins arise and pass from the organs 
in the same manner as the arteries 
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pass to them. The lyiiipliatics arise in the fibrous tissue of the coats and accom- 
pany the blood-vessels from the org'ans. The jicrz'es to the ureter are of the non- 
niedullated variety, while those of the bladder are of both varieties. 

Experiment 140. Stain, mount and examine a vertical section of the blad- 
der. Notice the coats, the involuntary muscle fibres, and the transitional epithe- 
lium. Sketch. Notice the rurae. 



THE URETHRA. 

The urethra, the membranous tube which leads from the bladder to the ex- 
terior, consists of a mucous membrane supplemented by a submucous tissue. 
The MUCOUS MEiiBR.\XE is continuous with that of the bladder, and is luied 
by epithelium, which varies in character according to the location. In the pros- 
tatic portion of the urethra the epithelium is similar to that of the vesical mucous 
membrane, being of the travsitioiial z'ariclv; in the membranous portion it is of 
the stratified columnar variety ; while in the ])enile portion it is of the stratified 
columnar variety to the fossa na^'icularis, where it becomes of the stratified squa- 
mous variety, which is continuous with the stratified squamous epithelitmi cover- 
ing the free surface of the penis. In the female the urethra is lined by stratified 
squamous epithelium, which is continuous with that lining the A'agina, exce])ting 
a small ])ortion nearest to the bladder, which is lined by the transitional variet\-. 

Beneath the e])ithelium of the mucous membrane of the urethra there is a 
tunica propria, which is composed of white and yellow fibrous tissue and a varia- 
ble amount of lymp)hoid tissue. The tunica propria is beset with papillae, ^vhich 
are most numerous near the external opening of the urethra, the meatus urinarius. 

Tjje sub.mucous tissue consists of \\-hite and yellow fibrous tissue, in which 
there are mucous glands or follicles, termed the glands of Littre, w^iich opien by 
means of "ducts on the free surface of the mucous membrane. The submucous 
tissue contains involuntary muscle fibres throughout portions of the urethra, 
which are continuous with those of the bladder. In the prostatic ])ortiou the 
muscle is arranged in two layers, an inner longitudinal, continuous \\-itli the in- 
ternal longitudinal layer of the muscular coat of the bladder, and an outer cir- 
cular continuous with the corresponding layer of the bladder. The nuiscle fibres 
gradually dinu'nish in the membranous, disa])pearing in the ])enile ])ortion, becom- 
ing re]jlaced by fibrous tissue. On the membranous ]">orti<.)n there are also some 
voluntar}' muscle fibres, which are derived from the compressor iiretlirae nuiscle. 

Experiment 141. Siain and mount a transverse section of the penis, prefer- 
ably of an infant. Examine and look for the urethral opening. Sketch the sec- 
tion of the urethra, and designate, by the lining epithelium, which portion it is. 



CHAPTER XIV. 



THE GENERATIVE ORGANS OF THE ]\IALE. 
THE TESTICLE. 

The testicle is a compound tubular gland, oval in shape, convex on its an- 
terior border, and somew'hat flattened laterally and posteriorly. It has two coats, 
the outer of which is serous, and the inner is fibrous. The serous coat is a re- 
flection from the peritoneum, termed 
the tunica vaginalis propria, and cov- 
ers tlie entire organ, except at its an- 
terior border. The fibrous coat is a 
dense covering composed of white 
fibrous connective tissue of a glisten- 
ing white api)earance, and is termed 
the tunica albuginea. The inner por- 
tion of the tunica albuginea is loosely 
arranged, rich in blood-vessels, and is 
termed the tunica vasculosa testis. 
At the posterior border of the gland 
the tunica albuginea forms a dense 
vertical mass, termed the mediasti- 
num testis, or the corpus Higlunori. 
From the mediastinum, fibrous septa 
extend to the periphery of the organ, 
which become connected with the 
filjrous coat and divide the gland into 
lobules, termed the lobuli testis. The 
number of lobules in one testicle is 
about three hundred. Each lobule is 
conical in shape, with its base, at the periphery, its apex at the mediastinum, and 
contains one or more of the secreting tubules, termed the tubuli scininiferi. 

Each tubule is divided into three portions: (a) the convoluted or tortuous 
portion, which makes up the bulk of the lobule, being most tortuous at the base 
of the lobule and becoming less tortuous toward the apex, assuming (b) a straio-fit 
course near the apex, termed the vasuni rectum, which passes into the mediasti- 
num and joins other vasa recta to form (c) an anastomosing network in the me- 
diatinum termed the rcte testis. The tubules are held together by a loose network 
of fibrous tissue, the sjiaces of which network are lined by endothelioid cells (con- 




FlG. l.ii. 
Section of testicle oi' rat. 
(.-/) testicle: (B) portion of globus major of epididy- 
mis: (C) epididymis; a) tunica albuginea testis; 
(b) section of convoluted or Icrtuous tubule; (c) 
vasum etTerentium c.jntairing .spermatO/oa; (rfj adi- 
pose tissue. 
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nective tissue cells) and appear to be lymph spaces. On examining stained sec- 
tions of the testicle, groups of cells are sometimes oljserved in the intertubular 
spaces. These groups of cells have caused some uncertainty in the minds of in- 
vestigators, and Ararious reasons have been assigned accounting for their pres- 
ence. After carefully examining various sections of the testicle, the author con- 
cludes that the groups of cells in the intertubular spaces are merely tangental 
sections of portions of the tortuous tubules of a different plane than the one in 
which the sections have been cut. The tubules consist of a basement membrane, 
upon which rest modified epithelial cells. The epithelial cells of the tortuous 
portion of the tubule are arranged in several layers, the layer resting upon the 
basement membrane, termed the germinal epithelium, composed of cuboidal- 
sliaped cells, the others layers of spherical-shaped cells. The germinal epithelium 
consists of two kinds of cells, the eells of Sertoli, or sustentacular cells, and 
spermatogonia. A spermatogonium divides, one division persisting as a sperma- 
togonivmi, while the other is known as a primary spermatocyte. The primary 
spermatocyte contains the same number of chromosomes as its parent sperma- 
togonium. It divides, forming two secondary spermatocytes, each of which forms 
two spermatids, which in turn become spermatozoa. The spermatids, conse- 
cjuently the spermatozoa, contain one-half the number of chromosomes as the 
spermatogonia, and therefore a spermatozoon is not capable of further division, 
but is prepared to blend with another cell, the ovum after it has thrown off its 
polar bodies, containing reduced number of chromosomas to form a cell of proper 
amount of chromosomes to enable it to divide. The epithelium of the vasum 
rectum consists of a single layer of low cuboidal cells, which represent a transi- 
tion between the cells of the lowest layer in the tortuous portion of the tubule 
and the cells lining the tubules of the rete testis. The tubules of the rete testis 

appear as communicating clefts in 



the fibrous tissue of the mediasti- 
num, which clefts are lined bv a 
la)'er of flat cells. 

At the upper border of the 
mediastinum the tubules leave the 
testicle, and are termed the vasa 
effereutia. There are about fif- 
teen vasa effereutia, each of which 
consists of a single lube, which be- 
comes convoluted, forming a con- 
ical-looking mass, and consists of 
a basement membrane lined Ijy 
simple ciliated cuboidal-shaped 
cells, which represent a transition 
between the flat cells of the rete testis and the ciliated stratified columnar ei)ithe- 








I'jG. 139. 

rortir)ns of thrcf- sections of the t'-irtuou?; portion of a 

seminiferous tubule showing diffeient stages of 

sperniaciigenesis. 

(s) s;"ic-rmatozoa; (f) the intertuhiilar fihroiis tissue cr.ntain- 

ing ),lood-vcssels, and a group of polygonal-shaped 

cells Ic). 







M 82 — Micro]jhoto,tji-aph of a luiman testicle x 45. 
tunica allmgiiiea; b, section of tortnnus portinns of seminiferous tuliulcs. 








M 83— Micropliotograph of a transverse sectii.m of the tortucius ]iortion of a seminifenms 
tuhule of a liuman testicle x 490 illustrating spermatogenesis. 




M 84- — Microphotograph (if a }Hjrti(iii uf specimen used for M 82 x 43. 
a. tunica albugin'"'a; b, secti(jns uf the tuliulcs of gloijus major of epididymis; c. transverse 
section of epididymis; c, numerous ijluod vessels in connective tissue. 
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IjG. 140. 

Section.s of vasa efferentia of 
si>ecimcn Tiscd in fig. !38. 

(a"l ciliated epithelium; (/) fi- 
brous connective tissue; (s) 
spermatozoa. 



Hum of the epididymis. In some instances an additional layer of flat cells can 
be observed next to the basement membrane. The vasa 
efferentia are surrounded by a vascular fibrous net- 
work, forming the coni vasctilosi. The vascular cones 
are arranged with their apices toward the mediastum, 
and their bases form the globus major of the epididy- 
mis. The vasa efferentia, after forming the globus ma- 
jor of the epididymis, open into a single duct, termed 
the epididyniis (Gr. em, upon; 8tSu/xos, testicle) 
passes in a tortuous manner from the upper bord' 
the testicle to the lower border, where it forms a con 
voluted mass, termed the globus minor of the epididy- 
mis, and continues as the vas deferens. In some in- 
stances, a tube termed the vas aberrans (Haller) ex- 
tends from the lower portion of the epididymis or from 
the beginning portion of the vas deferens, terminating as a blind extremity. It 
is similar in structure to the vas deferens. 

The epididymis consists of three coats, a mucous, a muscular and a fibrous. 
The mucous coat consists of an epithelial portion composed of ciliated stratified 
columnar epithelium, and a small amount of areolar connective tissue as a tunica 
propria. The muscular coat consists of a thin layer of involuntary muscle fibres. 

The fibrous coat consists of 
white fibrous connective tissue 
the fibres of which are chiefly 
disposed longitudinally. Ex- 
ternal to the fibrous coat there 
is a layer of areolar tissue con- 
taining some adipose tissue, 
blood-vessels, lymphatics and 
nerves, enclosed by a band of 
circularly disposed white fi- 
brous tissue analogous in ap- 
pearance and structure to the 
tunica albuginea of the testis. 
The vas deferens is a 
tube which has three distinct 
coats. The inner, or mucous, 
coat is lined by stratified col- 
umnar e]3ithelium. Beyond the 
basement membrane there is a 
small amount of fibrous tissue, 
the tunica propria, which con- 
nects it with the muscular coat. 
The middle, or muscular, coat 
consists of involuntary muscle 




Fig. 141. 
Transverse section of tile epididymis of a rat. 
(f-i I'lmen; (6) ciliated stratified columnar epithelium; (c) 
tunica propria; (rf) circularly disposed muscle hbres;^ (f) 
bundles of white fibrcius connective tissue: (g) tdirous tissue 
cnntaining blood-vessels, adipose tissue, nerves, 
(h) fibrous coat; (a) artery; (n) vein. 



lyiiipliatics; 
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Iiljres disposed in three la)'ers, a middle circular, and an inner and outer lon,<ri- 
tiidiiial. The outer, or fibrous, coat is composed chiefly of white fihrous tissue 
containing adi|iose tissue, vessels and nerves. The nnicotis coat of prepared 
specimens a])pears to he thrown into longitudinal folds or rugae. 




.\ transveise 
) stiMtilied criluinn.'ir cpi'ilu tuim ■ (b) limic 
if the nniscuhir cnaL; I/I fiiiroiis ccat. 



Fig. 142. 
section nf the I'a^ deferens, 
propria, (l) internal, \Hi i 



and (ci eNlernai layers 



Ex])eriment 142. Stain with liaematoxylin and eosin, and mount a section 
of the testicle. Ex;tiiiine and sketch sever;il sections of the seminiferous tuhules, 
the intertul)ular tissue, septa, and tunica albuginea. 

Exj). 14,1 Stain with Van Gieson stain and mount a section of a rat's 
testicle. Notice the same ])ortions as in the ])receding experiment. Look for 
spermatozoa in the sections of the tuhtiles and also the cells in different stages 
of spermatogenesis. Look' for vasa eftcrentia outside of the tunica albuginea. 
Sketch. 

Exp. 144. Stain and mount a tranverse section of the epidid\'niis. Ex- 
amine and notice the lining e])ithelium. Look for involuntarv muscle hhres. 
Sketch. 

Exp. 145. Stain and mount a transverse section of the v;is deferens. Ex- 
amine and sketch the three coats. 



THE VESICULAE SEMINA.LSS. 
The vesiculae seminales, the two jxmch-like reservoirs tor the semen, con- 
sist each of a coiled tulje of varying diameter, which has pouch-like diverticula 
extending from it. Each vesicle is composed of three coats, an innei- or imicoiis 
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coat, lined li\' stratified columnar e])ithelium ; a middle or niiisciilar coat, com- 
])ijsed of in'.iihintary muscle fibres disposed in three layers, the internal and 
external of which are composed of fibres arranged longitudinally, while the 
middle layer is composed of circularly-disposed fibres ; and an outer, or fibrous, 
coat, derived from the neighboring fascia (the recto-vesicle), which holds the 
coils and the diverticula of the tube in a mass. The continuation of the vas 
deferens, after its junction with the tube of the vesicula seminalis, is termed 
the ejaculatory duct. 

Each ejaculatory duct terminates in the prostatic portion of the urethra, 
and consists of three thin coats. The outer, or fibrous, and the inner, or mucous 
coats, are similar to the corresponding coats of the vas deferens with the ex- 
ce])tion tltat the e])ithelium. is of the simjile columnar variety instead of the 
stratified tyiie. The middle, or muscular, coat is com])Osed of two layers of 
involuntary muscle, verv poorly developed, the outer of which is composed of 
circular!}', the inner of longitudinally disposed fibres. 

.THE PENIS. 

The penis, the organ of the male adapted for the ]nirpose of copulation, 
consists of specially-arranged librous tissue covered by skin. Through it, length- 
wise, jjasses the urethra for the transmission of the seminal fluid, as well as 
the urine, to the exterior of the body. 

The skin of the penis is remarkable on account of its thinness, dark color, 
looseness, and not containing fat in its subcutaneous tisstie. It is continuous at 
the root of the penis, with the skin of the pubes and scrotum. Anteriorlv it 
projects over the glans pcvis as the prepuce, the free border of the prepuce being 
connected by means of mucous membrane to the constricted portion behind the 
glans penis, termed the neck or cervix penis. The glans penis is covered bv 
mucotis membrane, the e]>ithelium of which is of the stratified sc[uamous variety 
continuous with that lining the terminal portion of the itrethra. The mucous 
membrane which covers the glans penis does not contain sebaceous glands, btit 
does contain sensitive papillae. In the mucous membrane behind the corona 
(jlandis, and in that which forms the fraenum prcputii, there are small seluiceous 
glands, termed the glandulac Tysonii odoriferac, which secrete a sebaceous stib- 
stance which emits a peculiar characteristic odor. 

The main substance of the penis consists of fibrous tissue, disposed in three 
cvlindrical masses, two of which are on the same level, the other below the two, 
the three collections thus disposed ])resenting an appearance similar to that pre- 
sented by a "double-barrel shotgun, with ramrod below." The two upper masses 
are termed the corpora cavernosa, the lower mass the corpus spongiosum. 
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Fig. 143. 
A transverse section of the penis of a child. 
(a) dorsal artery of penis; (f) septum pectiniforine; (h) longitudinally disposed fibres, and (d) circularly 
disposed fibres of connective tissue of the shcathsto the corpora cavernosa (c) ; (s) corpus spongiosun: 
containing a tr-ansvjrse section of the uretl:ra in its centre. 



The corpora cavernosa are covered by a sheath composed of while and 
yellow fibrous tissue disposed in two layers, the outer of which is composed of 
longitudinal fibres arranged as a sheath comPiOn 
to both of the corpora; the inner composed of 
circular fibres disposed as a sheath to each of 
the corpora. Where the circular layers blend 
together between the corpora cavernosa an in ■ 
complete septum is formed, termed the septum 
pectiniforine. The fibrous sheath sends inshoots 
into the corpora, which ramify and form a net- 
work with wide, irregular-shajied spaces lie- 
tween the fibres. The inshoots consist of white 
and highlv developed yellow fiijrous tissue, among 
wliich are involuntary muscle filires. I'his tissue 
is termed erectile tissue. 

Tjie coRi'US sroNciosuM is similar in structure to the C(irpora ca\-ernosa, 
except that its fibrous sheath is thinner but more elastic than that of the corpora 
cavernosa. In its sheath and in. the tissue surounding the spongy portion of the 
urethra (which is contained in the corpus spongiosum') there are usually some in- 
voluntary muscle fibres derived from the muscular tissue contained in the wall of 
the membranous portion of tlie urethra. 




iMC. 144. 

^V portion of corpus ca\erniisum of 

specimen used in lig:. 143, 

showing erectile tissue. 

(,v) blood sinus; (/) iilinius liaiids cun- 

taiiiiiit; involuntary niuscic lilucs; la> 

artery. 




M S6 — Micru])hotQgraph of a. transverse section of a child's penis x 8. 
a, fibrous coat enclosing the corpora; b. septum iiectiniformi ; c. corfnis cavernosum; <f, 
corpus spongiosum containing transverse sectirm of the urethra; c, connective tissue 
containing blood vessels, etc. 




M 87 MJcroph'-.tocraTib of a .^ 
^ T 1 ; I ^ s 



aK'L-ftli (a ) . a 



:ti<m of a linnian ])rostat(.- ulaml 
iii the intL-ralvt-rilar tissue (h). 



X 45, iHustrati 
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The tissue around the corpora is fibrous connective tissue, which contains 
numerous blood-vessels, lymphatics, and nerves. The arteries entering the penis 
ramify in the fibrous tissue, branches extending into the erectile tissue to termi- 
nate in sinuses. The walls of the arterioles blend with the septa of the erectile 
tissue, as a consequence of which the blood passes into the spaces. Veins arise 
in the same manner as the arteries terminate, and convey the blood from the 
penis. The nerves of the penis are of both varieties, the medullated fibres being 
derived from the internal pudic nerve, the non-meduUated from the hypo.gastric 
plexus of the sympathetic system. Some of the nerves terminate as Pacinian 
corpuscles, others as genital corpuscles. The lymphatic vessels consist of two 
sets. The superficial set arises in the skin of the penis and in the mucous mem- 
brane of the glans and cervix, and passes to the inguinal glands. The deep set 
arises in and around the corpora and joins the lymphatics of the pelvis. 

Experiment 146. Examine the specimen of the penis used in Exp. 141. 
Notice the arrangement of the corpora, the section of the urethra contained in 
the corpus spongiosum, the erectile tissue, the section of mucous membrane, or 
of skin, at the periphery of the section, and the numerous blood-vessels. Sketch. 



THE PROSTATE GLAND. 

In close proximity to the neck of the bladder and somewhat encircling the 
prostatic portion of the urethra there is a gland which secretes a thin, glair}' 
fluid having a slightly acid reaction, which seems to be for the purpose of diluting 
the fluid coming from the testes. This gland is known as the prostate body or 
gland. 

The prostate gland is a compound racemose gland possessing numerous 
excretory ducts, varying between twelve and thirty in number. It has two coats 
somewhat blended together, an outer fibrous 
and an inner muscular. The inner, com- 
posed of involuntary muscle fibres, accom- 
panies the fibrous inshoots or trabeculae into 
the gland as they extend in and divide the 
gland up into lobules. The ducts start at 
the free surface of the mucous membrane 
of the prostatic portion of the urethra and 
at first are lined by the same kind of epithe- 
lium as that lining this portion of the urethra, 
transitional epithelium, but very soon the 
transitional variety is displaced by the sim- 
ple columnar type, which continues on as 
the ducts divide and subdivide to terminate 
in acini. The acini or alveoli are the term- 
inal dilatations of the ducts and are lined by portion of a section of the Imman prostate 

low form of simple columnar epithelium (^, ,-,^^^^ coat ""mining involuntary 

muscle fibres; (a) acinus; [b) trabccula. 
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modified so as to give the secretion characteristic to the gland. Sometimes what 
api)ears to be an additional layer of cells can be observed next to the basement 
membrane. The acini are held together by the fibrous tissue network derive'! 
from the trabectilae which contains a comparatively large amotmt of involuntary 
muscle. In the alveoli, especially of old men, peculiar concentricly arranged 
bodies termed corpora aiuvlaccac are sometimes found. 

The arteries are derived from the vesical, hemorrhoidal, and pudic arteries, 
and accom])an^■ the trabectilae into the gland finally terminating as a capillary 
network around and between the acini. Veins arise from the capillary network 
and pass out in the same way as the arteries enter. 

The IxDiphatics arise in the interfascicular clefts of the fibrous tisstie, join 
one another and pass to the neig-hboring h'm]")h glands. 

The nerves, consisting of meduUated and non-medullated fibres, pass along 
in the trabeculae to the acini and form a plexus beneath the glandular epithelium. 

Ex])eriment 147. Stain and mount a section of the prostate gland. Notice 
the irregular outline of the acini; the lining epithelium; the involuntary muscle 
fifjres bct\\-een the acini, as well as in the trabeculae and on the surface of the 
gland, I_ook for the concentric bodies. Sketch. 



CHAPTER XV. 



THE REPRODUCTIVE ORGANS OF THE FEMALE. 

THE OVARY. 

The ovary i,s an oval-shaped organ corresponding in the female to the 
testicle of the male. It has a serous coat, which stn-rounds the organ, being 
absent only at the ])oint of attachment of the ovarian ligament. It is formed 
by a reflection of the peritoneum, which differs from other serous membranes in 
having a dull gray instead of a glistening white appearance, and a layer of short 
columnar-shaped cells, known as the cjcrminal cpithcUnin, instead of a layer of 
flat endothelial cells. The substance of the ovary consists of a stroma, Graafian 
vesicles or follicles, and corpora liitea. 

The STROifA consists of a network of connective tissue, among the libres of 
v.'hich are spindle-shaped cells similar in appearance to connective tissue cor- 
jniscles. The portion of the stroma just beneath the serous covering of the organ 
is more dense than the rest of the stroma, and is termed the tunica alljur/inea of 
the ovary, which is not a distinct coat like that of the testicle. In the stroma are 
the Graafian vesicles, corpora lutea and numerous blood-vessels. 

The Graafian z'esiclcs are usually round, and contain the ova. The ova are 
derived from the germinal epithelium. Each epithelial cell which is to become 
an ovimi, while passing from the periphery of the gland toward the centre, 
assumes a covering of cells, which probably is formed by the spindle-shaped 
cells of stroma, the covering cells reproducing rapidly, so that, in the fully- 
developed vesicle, the ovum is surrounded by a covering of cells which is con- 
tinuous with several layers of cells applied to the fibrous covering of the vesicle. 
A fluid secretion of the cells accumulates in the vesicle. The vesicles are most 
munerous, but immature, in the outer portion of the stroma, just beneath the 
tunica albuginea. 

A MATURE Graafian vesicle is surrottnded by an envelope of the stroma, 
termed the theca folliculi. The theca folliculi consists of two layers, an outer 
dense layer containing a few blood-vessels, termed the tunica fibrosa; an inner 
layer the fibrous tissue of which is as a loose network rich in blood-vessels,. 
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termed the tunica I'asciilosa. 
Next to the tunica vasculosa 
there are cells arranged in sev- 
eral lavers, forming the nieui- 
brana gramdosa. Tlie cells 
which are continnotis with the 
membrana granulosa, and sur- 
round the ovum, form a mem- 
brane termed the discus pro- 
ligerus. In some cases the dis- 
cus proligerus is separated from 
the membrana granulosa, ex- 
cept at one place of attachment, 
the space thus formed is 
termed the antrum and is oc- 
cupied by a liquid secretion of 
the cells, the liquor follicuU. 
The OVUM is surrounded by 
the cells of the discus prolig- 
erus ; those near the ovum become arranged perpendicularly to the ovum, giving 
the zona radiata. Next to the zona radiata, and nearer to the ovum, there is a 



Fig. 146. 
Section of ovary of cat. 
(e) germinal epithelium; (a) one of the germinal epithelial cells 
passing itiward to lecome an ovum; (b) area of younp Gra- 
afian follicles; is) stroma containing spindle-shapeil filircs, 
an artery and a vein (zO ; (c) region of advaiiced Graafian 
follicles. 




theca foIUcrli; 'k> 
lii; (o) ovum. 



'ic. 147. 

A Cr.'iafian ffillicle (hipii pnver). 
loligerus; (l^) memlj-ana ^r.iiuiln'^a', (/) r.ivity 



■J by li([nor foUi- 



nicmbrane which, on account of its ti-ansparency, is termed the :::oiia pcllucida. 
It apy^ears to be composed of cells of the discus ])roligerus wliich have lost their 







M S8 — Microphotograpli of a section of the ovary of a cat x 45. 
jjeriphery containing numerfms young Graafian follicles; h, Graafian follicles 
advanced stages of develoimient ; c, corpora In tea. 




])hotograph of a human ovum x 390, illustrating the structurt 
protoplasm showing nctwrirk ui spongioplasm ; b, the nucleus houndi 
membrane; c. nucleolus; d, clII wall; c, cells of discus proligervis ; 
brana granulosa. 
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typical cell, 
its nuclear 
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M 90— Micr^M>li"tograpb of ;i 
a, germinal epitliel inm ; h, stroma 



lery of (ivary nf a cat x 390. 
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til,. 148. 
Ovum greally magnified. 
(a1 zrmi raJiata; (fc) zona pellucida; 
(in) vitelline membrane shrunken 
from zona pellutida; (c) germinal 
vesicle; (j; germinal spot; (v) vitel- 
lus. 



nuclei and have become more or less flattened against the true cell wall of the 
ovum. The limiting membrane or cell wall of the ovum is termed the vitelline 
membrane, and is closely applied to the inner surface of the zona pellucida. It 
may be observed if during the preparation of a specimen of an ovary, the mem- 
brane shrinks from the zona pellucida (l"ig. 148). Enclosed by the vitelline 
membrane is the protoplasm of the ovum, which is termed the vitellus and con- 
sists principally of oil globules. In the protoplasm there is a nucleus termed the 
germinal vesicle, in which is a nucleolus termed the germinal spot. In some Graa- 
fian vesicles there may be more than one ovum. 
After the Graafian vesicle becomes mature it 
gradually approaches the periphery of the 
ovary, ruptures, and the ovum, with some of 
the cells of the discus proligerus, especially the 
zona pellucida and radiata, adhering to it, is 
discharged from the ovary. The remains of 
the vesicle undergo metamorphosis to become 
a corpus hiteiim. 

The corpora Ititea are yellowish-looking 
masses formed by the Graafian vesicles after 
they have discharged their ova. They are of 
two kinds, the true and the false corpora. 

A true corpus Ititeum. is one formed by the remains of a vesicle which has 
discharged an ovum which becomes fecundated. The false corpus lutcum is one 
formed by the ruptured vesicle which has discharged an ovum which does not 
become fecundated. 

When the vesicle ruptures, the ruptured blood-vessels of the theca folliculi 
pour blood into the now partially-collapsed vesicle. The cells of the membrana 
granulosa increase in number, and the escaped blood is gradually absorbed, leav- 
ing behind some of the pigment of the 
colored corpuscles, so that the vesicle is 
now filled with cells derived from the 
membrana granulosa and pigment, and 
has a yellow color due to the latter. 
Newly formed connective tissue, contain- 
ing embryonic connective tissue, corpus- 
cles and capillaries, makes its appearance 
between the cells. The tissue thus 
formed by contracting causes a destruc- 
tion of the cells, until they eventually 
disappear. Finally the fibrous tissue 
contracts, and the vesicle becomes like a cicatrix, yellow in color, due to the pig- 
ment obtained from the blood, and is known as a corpus hiteuui. The pigment 
gradually disappears. The true corpora lutea differ from the false in being 
larger, in undergoing the retrograde changes more slowly, and in retaining the 
pigment longer. The Graafian vesicles are very numerous, "the entire number 




Fig. 149. 
Portion of corpus luteum. 
(a) blood-vessel; (6) ricwly formed fibroiis 
tissue; (c) cells derived from Uiembrana 
granulosa. 
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contained within the two ovaries of a child being estimated at over seventv 
thousand'' (Piersol). The Graafian vesicles mature at regular intervals ( ahout 
every t^\'enty-eight days), the ova passing to the uterus Ijy means of the oviducts 
to be retained by the uterus if fecundated; or thrown off by the uterus, if not 
fecundated, in the menstrual discharge. The vesicles continue to mature from 
the age of puberty to the age at which the tncnopausc occurs, whiclt usualh' is at 
fort}'-iive years. 

The oz'arian artcrv enters the ovary at its attached border and ramifies in 
the stroma, the branches extending to the periphery and Graafian vesicles. The 
veins arise in the stroma and pass out to the patujjini form j^lexus of vems. The 
ly)iipliatics arise in the clefts of the fibrous tissue in the stroma and walls of the 
vesicles. 

The iicri'cs are derived fioni the pelvic and ovarian plexuses, and su|>i)h- 
the stroma and the walls of the vesicles. 

Experiment 148. Stain and mount a section of a cat's ovar}*. Examine 
and study the structure of the germinal epithelium, the stroma. Graafian vesicles, 
and corjiora lutea. Notice the large number of )-oung vesicles just beneath the 
epithelium. Sketch. 

Ex]). 14S). Stain with Van Giesen stain a section of htmian ovary. Notice 
especially the connective tissue. Sketch. 



THE OVIDUCT 

The ovim_'CT,or Fallopian tube, has three 
coats, a serous, a muscular, and a mucous. 
The scrolls coat is a reflection from the ])eri- 
toneuni. The iiuisciilar coat consists of two 
layers of involuntary muscle fibres, an ex- 
ternal longitudinal and an internal circular. 
The iiiiicoiis coat is continuous with the peri- 
toneum at the fimbriated extremity of the 
tube, and with the mucous membrane of the 
uterus at its uterine extremitv. The epi- 
thelium lining the tulie is of the ciliated sim- 
ple columnar variety. The tunica jiropria 
of the mucous membrane is com|)osed of 
white and yellow fibrous tissue. The mucous 
membrane is thrown into numerous folds, 
especially at the fimbriated extremity of the 
tul;e. 

Ex|)eriment 150. Stain and mount a 
transverse section of the oviduct. Examine 
and sket'di the coats under both powers. 




^iSmfii 



'^r-'i^''-:<^y^:z.L^'i::;--^ 



VnrUnn 



a transverse sceli' 
(iuct (if a cat. 



7) serous coat; (h) (mter or lnn)iitii'' ina! 
layer of in\nluntary nuisele ; ( r i inner 
nr circular layer uf invnluntarv muscle- 
id) tunica propria: if) fold n"f nnie..us 
meml.rane line. I by ciliated c-Iumnar 
eiMtluhum; ( <- ) lumen. 




M 91 — Microphotogvaph of a ]porti(jii of a transverse section of a human Fallopian tube, 

X 20. 
a. villi of the mucosa; b, inner; c. middle, and d, outer layer of muscular coat. 










M - — ^Iiir phi t iKrayh nt a tiaiK\_rs(. sectmi] nt tlu ut(.rub ot a cat x 4U. 
17, utL-rine cavity lined Ijy the emlometrium ; h. tunica propria of endonirtrium containing 
the uterine glands cut in dilTerent sectii>ns; c. muscular coat; d . connective tissue 
containing numerous blood vessels. 




a. stratified s.|uanious e|iitlielium of tlw cervical nincosa ; h, tin- ciliated columnar ci)ithc 
Hum n) tile c'lrporcal [lorliou of tlie mucosa; r, uterine gland-, of the ccrviv 
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THE UTERUS. 

The uterus is composed of three coat.s, a serous, a muscular, and a mucous. 

The serous coat is a reflection from the peritoneum, and does not cover 
the entire uterus. 

The muscular coat is com- 
posed of bundles of involuntary 
muscle fibres which run in vari- 
ous directions and can not be 
divided into distinct layers, but 
for convenience are arranged in 
three, an outer, a middle, and 
an inner. The outer layer. 
termed the stratum serosuni, is 
composed of involuntary mus- 
cle fibres, disposed in circular 
and longitudinal bundles, which 
are continued into the structures 
attached to the uterus, i. e., the 
oviducts and ligaments. The 
middle layer, termed the strat- 
um vasculosum, on account of 
the numerous blood-vessels 
therein contained, is composed 
of involuntary muscle fibres run- 
ning in all directions. The inner 
layer, termed the stratum mu- 
cosum, is composed of fibres 
disposed in all directions, those 

. (a) uterine gland; (a') transverse section of uterine gland; 

most internal bemg disposed '*.) .tumca propria; (c) inner layer, (d) middle layer con- 

' tainuig numerous blood vessels, and (c) outer layer of the 

chiefly in a circular manner, and "'"=="'^^ "^'- ^^ ="™^ ^"^'■ 
may be regarded as a highly de- 
veloped muscularis mucosae. 

The mucous coat consists of a tunica propria, upon which rests the epi- 
thelium which is of the ciliated simple columnar variety. The basement mem- 
brane, with its lining epithelium, extends from the general surface of the mu- 
cous membrane as tubular (simple and compound) glands, termed the uterine 




Fig. 151. 
Portion of a section of the uterus of a cat. 
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f/hnids, to and sometimes among the fibres of 
the inner la)'er of the muscular coat. The 
mucous membrane of the cervix uteri is Hned 
on its upper portion by epitheHum similar to 
that of the niucous membrane of the body 
of the uterus, but in the lower portion of the 
cervix the epithelium is of the stratified 
squamous variety, continuous with that lin- 
ing the vagina. Besides the uterine glands, 
there are in the cervical mucous membrane 
inucous follicles which give the characteristic 
white glairy mucous secretion of the cervix 
uteri. When retention of the secretion oc- 
curs, the oz'iila Nabothi are formed. 

The arteries to the uterus are derived 
from the ovarian and uterine arteries. They 
pass beneath the serous coat into the muscu- 
lar coat and ramify, some of the branches 
formed supplying the muscle fibres of the 
muscular coat, while others pass to and ram- 
ify in the tunica propria of the mucous mem- 
brane. The arterioles terminate in irregular- 
shaped spaces, the walls of which become 
blended with the connective tissue between 
the bundles of muscle fibres. In this manner the blood flows directly into the 
spaces in the connective tissue, termed the uterine sinuses. The veins begin in 
the muscular coat in the same manner as the arteries terminate. 

The lymphatics arise in the interfascicular clefts of the tunica propria and 
of the intermuscular connective tissue, and join to form channels in the suben- 
dothelial tissue of the serous coat. 

The ncrz<es of the uterus consist of both varieties, the medullated fibres be- 
ing derived from the l(jwer sacral nerves ; the non-medullated fibres from the 
hypograstic and ovarian plexuses of the sympathetic. 

Exj)eriment 151. Stain, mount and examine a transverse section of the 
human uterus. Notice the muscular tissue, blood-vessels, mucous membrane, 
and glands. Sketch. 

The vagina is a cavity surrounded by a musculo -membranous wall which 
consists of three coats, a mucous, a muscular, and a fibrous. The mucous mem- 
brane consists of two layers, an epithelial \vhich is of the stratified squamous 



Fio. 1.S2. 

Portion 01 ? seotioii ot tlie iijm.'in uterus. 

(a) e]atheli.il lining of mucons nicmljrani;: 
(b) tunio.1 propri-i, containing uterine 
glands; (a'l transtcrsi- section of uterine 
gtan'l; (c) tlie so-called inner layer of 
the musctdar coat analogous to a mus- 
cularis .^nicosae; (d) portion of the so- 
called nnddle layer of niuscidar coat. 
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variety, and a tunica propria which is composed of white and yellow fibrous 
tissue in which is diffuse lymphoid tissue. A few simple tubular glands may be 
present in this coat. The muscular coat consists of two layers of involuntary 
muscle, an outer longitudinal layer, and an inner layer of circular fibres not 
so well marked as the other layer. The fibrous coat is the outermost, and con- 
sists of white fibrous connective tissue which serves to hold the muscle coat to 
adjacent structures. 

Experiment 152. Stain with haematoxylin and eosin and mount a section 
of the vagina. Examine under both powers, and sketch the stratified squamous 
epithelium and muscle under the high power. 

The clitoris^ the analogue of the penis, is composed of cavernous or erectile 
tissue, similar to that of the corpora cavernosa of the penis, covered by mucous 
membrane, of which the epithelial portion is of the stratified squamous variety, 
and the tunica propria is of the white fibrous tissue, possessing papillae in soiue 
of which are capillary networks, and in others special nerve endings especially 
genital corpuscles. 

Experiment 153. Stain and mount a section of the clitoris. Examine under 
both powers. Notice the erectile tissue, and look for genital corpuscles. Sketch. 



CHAPTER XVI. 

THE ^MAMMARY GLAND, THE THYROID GLAND, AND THE 
SUPR-VRENAL BODY. 



THE MAMMARY GLAND. 

Each mamma is composed of about fifteen racemose glands, which are 
enclosed by a fibrous capsule. The excretory tubes, termed the tiibuli lactiferi 
or galactophuri, begin as small orifices on the nipple of the mamma, and extend 
into the substance of the gland. Near its origin each tubule becomes dilated, 

forming a small reservoir termed an am- 
pulla, for the accumulation of milk between 
the periods of suckling. After forming an 
ampulla, the tube continues into the mamma, 
dividing and subdividing, the terminal 
branches terminating in clusters of saccular 
acini. The cluster of acini formed by each 
terminal tubule constitutes a lobule, and the 
lobtiles formed by each lactiferotts duct 
constitute a lobe. The lobes, lobules, and 
acini are held together Ijy connective tissue 
septa derived from the fibrous capsule of 
the mamma, and ramifying blood-vessels 
contained in the septa. The septa. Ijcsides 
containing connective tissue some of which 
is adipose, contain involuntary mucle fibres. 
The aciui are pouch-like dilatations which are lined by a layer of granular-looking 
cuboidal-shaped cells. During lactation the cells increase in mnnber, auil their 
|jrotoplasm becomes invaded by oil-globules. The oil-glo1)ulcs are at first small 
and gradually increase in size, the increase being so great as to push the nucleus 
and the remaining proto])lasni to the cell wall (as in the conversion of the cells 
of areolar tissue into fat cells of adipose tissue), and finally the jiressurc within 
the cell becomes so great that the cell wall rui")tiu-es at the p(jint of least resist- 
ance, and the oil-globules are discharged into the lumen of the acinus, thence 
into the tubule. The terminal tulniles are lined by a layer of low ctiboidal-shaped 




J-'ortio 
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I'jc. 153. 
section of burran ipnmmary glantj 
(low pov/cr), 
(6) g:ilactoj)horous duct; (a) acinus; (b) a 
lobule; (c) trabccula. 
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FiC 154. 
Portion r-f a niammarj gland 
(liigli power). 
( t) galactophorour- duct, the cnat of 
which contains transverse sections ot 
elastic fibres and involuntary muscle 
fibres; (a) aciiu containing cells in 
various stages of milk production; (s) 
mteracinal septa. 



cells, which gradually are replaced by a layer of 
columnar-shaped cells, which are in turn re- 
placed by stratified squamous epithelium at the 
orifice, continuous with that of the epidermis. 
The basement membrane of the tubules 
is supplemented by involuntary muscle fibres 
derived from the cerium of the skin of the nip- 
ple. In the beginning of lactation the flow of 
milk is preceded by colostrum, which consists 
of a liquid containing oil globules, epithelial 
cells termed the colostral corpuscles, and the 
debris formed by the disintegration of some of 
the cells contained in the acini. 

The nipple of the mamma may be regarded 
as a macroscopic papilla of the skin. It is cov- 
ered by stratified squamous epithelium rich in 
pigment. Beneath the epithelium there is a 
mass of fibro-elastic tissue which contains the 
lactiferous tubules, blood-vessels, and involun- 
tary muscle fibres, and corresponds to the coruim of the skin. The involuntary 
muscle fibres, by their contraction, cause erection of the nipple. The areola around 
the base of the nipple is darkly pigmented, becoming more so during pregnane)', 
and contains sudoriferous and sebaceous glands. The subcutaneous tissue of the 
nipple and of the areola is remarkable on account of not containing fat. 

The arteries to the mamma are derived from the thoracic branches of the 
axillary, the intercostals, and the internal mammary. 
They pass through the fibrous capsule of the gland, 
and send branches to the lobes and lobules whicli 
form capillary networks between the acini. Veins 
arise from the capillaries and pass from the gland in 
the same manner as the artery enters, to terminate in 
the axillary and internal mammary veins. 

The lymphatics arise in the interfascicular clefts 
of the septa and of the capsule, and are closely con- 
nected with the axillary lymph glands. 

The nerves of the mamma are of both varieties, 

the medullated variety supplying especially the skin 

covering the gland, some of the medullated fibres 

extending to the areola and nipple terminate in 

Pacinian corpuscles, others in tactile corpuscles, which give the sensitiveness to 

those regions. 




Fig. 155. 
T'orLions of acini of irainmary 

gland highly magnified. 
(c) lining cells of an acinus; (/) 
fat globules: (a) interacinal 
connective tissue. 
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Experiment 154. Stain, mount and examine a section of the mamnna. No- 
tice under the low power the fibrous septa, sections of acnii and duct, and blood- 
vessels. Under the high power, look for the lining cells of the acini and invol- 
untary muscle fibres in the septa, Sl^etch. 



THE THYROID GLAND. 

The thyroid gland is commonly classed among the respiratory organs on 
account of its location. It is a compound tubular gland during its early stages 
of development, the duct of which communicates with the primitive pharynx, but 
as its development proceeds the duct becomes obliterated, so that in its adult 
form it consists of closed acini held together by connective tissue and ramifymg 
blood-vessels. 

The adult gland is surrounded by a capsule composed of areolar connective 
tissue continuous with that of the neighboring structures. The fibrous capsule 
sends projections into the gland, which extend between the lobes, lobules, and 
acini. The acini are usually round or oval in shape, and are composed of a 
basement membrane upon which rests a layer of cuboidal or short columnar- 
shaped cells. Within the acini there is a 
yellowish, viscid, semi-liquid material 
termed the colloid substance^ which is se- 
creted by the cells lining the acini, the yel- 
low color of which being obtained from the 
disintegrated colored corpuscles of the 
blood. There are also present in prepared 
sections between the acini collections of cells 
which are some of the lining cells of acini 
of a different plane than that in which the 
sections have been cut. Between the neigh- 
boring acini there is fibrous tissue, derived 
from the capsule of the gland, which con- 
tains some involuntary muscle fibres, and 
numerous connective tissue corpuscles some- 
times applied as a layer lining the interfas- 
cicular clefts. The clefts in the interacinal 
septa join each other and form channels be- 
tween the lobules, which channels commu- 
nicate with larger channels contained in the 
fibrous capsule. In the clefts and channels 
ai-e leucocytes, lymphoid cells, and colored 
blood-corpuscles. The colored corpuscles of the blood may be observed in dif- 
ferent stages of disintegration. 




FiG. 150. 
Portion of the thyroid g^and. 
{f) fibrons coat with artery (a) veini^ iv), 
and spaces containing blood (b) ; {<]) lining 
cells of the acinus; (,/) interacinal connec- 
tive tissue: (£) interacinal group of cells. 




M 95 — Microphotograph of a section of the thyroid gland of a dog x 45. 
interlobular spaces for connective tissue traheculae (h); c. acini, some of which contain 
colloid substance. 
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The arteries of the gland enter its fibrous capsule and branch, the branches 
passing into the gland with the fibrous inshoots from the capsule, reach the in- 
teracinal septa, and terminate in capillaries. The walls of the capillaries blend 
with the fibrous tissue of the septa, thus allowing the blood to flow directly into- 
the interfascicular clefts. Veins arise in the same manner as the arteries termi- 
nate, and pass along the septa to the capsule, and from the gland. The lym- 
phatics arise in the septa in the same manner as the veins, and in the fibrous 
capsule; the channels formed communicate with the collections of lymphoid sub- 
stance within, and the lymphatic channels without, the capsule. 

The nerves which pass to the gland are of both varieties. Besides innervat- 
ing the blood-vessels, their terminations, although not known, probably extend 
between the acini to form a plexus beneath the basement membranes of the acini. 

In accordance with the structure of the gland, and the myxoedematous con- 
dition of the tissues of the body which follow its extirpation, it appears to the 
author that the thyroid gland is a blood-elaborating gland, which acts as follows : 
The lining cells of the acini cause disintegration of some of the colored cor- 
puscles of the blood, and act upon the plasma which passes through them in such 
a manner that its mucin-forming power is diminished; the plasma containing pig- 
ment derived from the disintegrated colored corpuscles, composing the colloid 
substance, passes from the acini to be carried off by the veins, or the lymphatic 
channels. 

THE PARATHYROID GLANDS. 

Each Parathyroid gland is surrounded by a fibrous capsule which sends 
trabeculae into the gland, which divide and subdivide, the ultimate fibres forming 
a reticulum in the meshes of which are cells, epithelial in character. The cells 
are spherical or ovoid in shape and are divided into two types, termed principal, 
and oxyphil or acidophilic cells. The two types of cells may be intermingled 
irregularly, or the acidophilic cells may be arranged in groups with the other 
type of cells disseminated irregularly between the groups. 

The principal cells are more numerous than the other variety, each possess- 
ing a nucleus large and spherical, and chromatic granules irregularly distributed 
and clear spaces, causing the nucleus to appear as if vacuolated. 

The o.ryphil cells have small spherical nuclei rich in chromatin, and the pro- 
toplasm of these cells contain acidophilic granules. In some glands, especially 
those of lower animals, remains of the primitive duct may be found, which are 
lined by simple columnar epithelium. 

The glands are very vascular, the arteries penetrating the capsule, and ac,- 
compan_ying the trabeculae terminate in sinuosoidal spaces from which the venules 
arise. 
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Experiment 155. Stain, mount and examine a section of the thyroid gland. 
Loolv for and stud_v the a])pearance of tlie lolniles, acini, interacinal septa, blood- 
vessels, fibrous capsule, the colloid material contained in the acini, and the lining 
epithelial cells. Sketch. 

THE SUPRARENAL BODY. 
The suprarenal body is ur.ually classed as one of the ductless .glands, although 
some investigators claim that it is a portion of the nervous system.* 

It is a pyramidal or "cocked-hat" shaped organ, situated above and anterior 
to the superior border of the kidney. It is enclosed by a fibrous capsule which 
sends projections (trabeculae) into the substance of the organ, dividing it up 
into smaller portions. The substance of the suprarenal loody consists of a dense 
area termed the cortical portion, enclosing a less dense area termed the central 
or medullary portion. 

The cortical portion consists of three zones, formed by the trabeculae and 

their branches, termed the zona glomerulosa, 
the zona fascicnlata, and the zona reticularis. 
The zona glomerulosa, the most external 
zone, consists of irregular oval or rovmd com- 
partments formed by the trabeculae, contain- 
ing brush-like extensions from the enclosing 
trabeculae ; cells which are similar in appear- 
ance to lynii)hoid cells : colored blood-cor- 
puscles : and pigment. 

The zona fascicnlata, the middle zone, 
consists of long compartments, formed by the 
trabeculae which radiate toward the central 
portion of the organ, containing irregular 
quadrilateral-shaped spaces in which are cells 
similar to lymphoid cells ; colored blood-cor- 
puscles ; and pi.gment. 

The zona reticularis, the zone adjoining 
the medullary portion of the organ, consists 
of irregular-sha])ed spaces formed Ijy the tra- 
beculae, and containing elements similar to 
those of the other zones. 

Tiiic MKDii'LLARY portioH of the supra- 
renal body ccjiisists of irregular-sha]icd com- 
partments, containing elements similar to 
those of the cortical sulxstance, between which are irregular-shaped sinus-like 
si)aces from which the veins arise. 




Fir,. 1S7. 
Vcrtic.'I section of suprar^ijal gland. 
(lJJ frorous coat external to which is adipose 
tiGStie; (6) zona i^domcrulosa; (c) zona 
fascicnlata: id) zcna reticularis; i e) 
medullary substance containing Mood 
sinuses, .^onTiectivc tissne, and groups of 
cells. 



Ihe anlhor considers the snorarena body as a bloo.l eliboratint- gland, .lidin? the spleen iv its function 
I he blood coming to the eland fliers through the nctv/ork formed by the trabeculae and their lateral pro- 
jections and IS modified dunnrj its passage from the periphery toward the medullary portion. Probably 
some of the cells, winch so chisely resemble lymphoid cells, lake up the pigment derived by the disin- 
tegration of tl'e colored blood-corpuscies and become cOiOied corpuscles. 



-nuscles. 
'nuseles. 
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Tlic arteries which pass to the suprarenal body are derived from the aorta, 
the ])hrenic, and the renal. They ramify in the fibrous capsule of the organ, 
some of the branches forming a capillary network in it, while others accompany 
the traljcculae into the suljstance of the organ and form a capillary network. The 
blood is collected in the voious sinuses of the medullary portion, and carried 
from the organ by the suprarenal vein, which empties into the inferior vena cava 
or into the renal vein. 

The lymphatic vessels arise in the interfascicular clefts of the capsule and 
trabeculae and empty into the lumbar glands. 

The nerves are of the non-medullated variety and form a plexus in the medul- 
lary portion of the suprarenal body, the fibres of which possess numerous minute 
ganglia. 

Experiment 156. Stain, mount and examine a section of the suprarenal body. 
Notice the arrangement of the cortical portion into zones. Examine the struc- 
ture of the cells. Examine the medullar}' portion, and notice the venous sinuses. 
Sketch the general outlines under the low power, and portions of the cortical and 
medullary regions under the high power. 

Exp. 157. Stain with Van Giesen stain and mount a section of a suprarenal 
gland. Under both powers notice especially the connective tissue network. 

Exp. 158. Stain and mount a section of a suprarenal gland which has been 
injected. Notice the capillary network between and around the group of cells 
of the cortical zone. Sketch. 



CHAPTER XVII. 

THE EYE. 

The eye. the organ which contains the pheriphcral terminations of the optic 

nerve, consists of tliree coats enclosing a central cavity which contains refracting 

media. The tunics or coats of the eye are three, the sclera, the choroidea, and 

the retina. 

THE SCLERA. 

The sclerotic ( Gr. o-kXt^joos, hard) coat, the outer tunic of the eye, is divided 
into two portions, a posterior portion (about five-sixths of the sclera) termed 
the sclera propria, and an anterior portion (the remaining one-sixth) termed the 
cornea. 

The sclera propria is surrounded by a membrane lined by endothelioid cells 
termed the tunica vaginalis oculi, and consists of interlacing bundles of white 
fibrous tissue and elastic fibres, and connective tissue corpuscles. Its inner sur- 
face is composed of loosely-arranged fibrous tissue which contains pigment, and 
is termed the lamina fusca. Externally the sclera propria blends with the con- 
junctiva. At the posterior portion of the eye the sclera becomes crihiforni, the 
fibres of the optic nerve j^assing through the openings. The central opening of 
the cribiform lamina, termed the poms opticus, is larger than the others, and trans- 
mits the arteria centralis retinae. 

The cornea is transparent, and consists of four layers : 

1. The outermost layer is composed of stratified scjuamous epithelium con- 
tinuous with that of the conjunctiva. 

2. The next layer is fibrous, and is the proper substance of the cornea. It 
consists of bundles of transparent fibres continuous with those of the sclera pro- 
pria, arranged as laminae. The outer border of the layer being more densely 
arranged than the remaining portion, has been termed the anterior elastic lamina 
(Bowman), or anterior limiting layer (Reichert). The remainder of the fibrous 
layer of the cornea is loosely arranged, the bundles of fibres, running transverselv 
and occasionally branching, enclose the elongated interfascicular spaces, termed 
the corneal spaces, which contain connective tissue corpuscles, termed the corneal 
corpuscles. 

3. Covering the innt-r border of the fibrous layer there is a tliin, transparent, 
highly-elastic meniliranc termed the membrane of Descemet. the posterior limiting 
membrane, or the posterior elastic membrane, 

4. Lining the mcniljranc of Descemet there is a layer of flat eiidollielioid 
cells. 
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At the junction of the cornea and the sclera propria the fibres of which the 
posterior elastic membrane is composed, continue into the iris as tlie ligamentum 
pectinatiim. The fibres of the hgament enclose spaces termed the spaces of Fontana, 













Fig. 158. 
Portion of a section of the eye of a guinea-pig (low power). 
ie) stratified squamou,=; epithelium; (/) fibroti5 portion of cornea: ( ;) corneal space; ((i) membrane of 
Descernet: ia) endothelioid layer of cornea; (/') fibrous tissue of sclerotic coat; (t) iris; {h) lymph 
channels (Fontana'l; (m) ciliary muscle; (m') ring muscle of Miiller; (c) ciliary body; (gr) lens 
capsule; iK) lens fibres; (7?) retina; i^ax.) anterior chamber; ip.c.) posterior chajnber; (I'.c.) vitreous 
chamber. 

at the circumference of the iris, which communicate with a large circular canal 
in the sclera propria near its junction with the cornea, which canal is termed the 
canal of Schlemm or the sinus circularis iridis. The endothelioid cells lining the 
internal surface of the cornea continue on to line the corneal surface of the iris. 



THE CHOROIDEA 

The choroid coat is the vascular coat of the eye, and lies internal to the 
sclera propria. At the junction of the cornea and the sclera propria the choroid 
coat hangs as a curtain (iris), perforated at a point to the nasal side of its centre 
by an opening (pupil). 

It is composed of three layers : 

L The layer nearest to the sclera consists of loosely-arranged fibrous tissue 
composed of white and yellow fibres ; connective tissue corpuscles which contain 
pigment ; and lymph corpuscles. The outer surface of the layer is lined by endo- 
thelioid cells. The layer is termed the lamina suprachoroidea, and is separated 
from the lamina fusca of the sclera by a space termed the subscleral space. 

2. The middle layer is termed the vascular layer, and is composed of white 
and yellow fibrous tissue, among which are blood-vessels and pigmented connec- 
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tive tissue corpuscles. In the outer portion of the layer the hlood-vessels are 
large, and the veins often assume a tortuous course and are termed the z'oiae 
vortico'^ac. The inner portion of the layer contaiijs the capillary networks, and 
is sometimes termed the choriocapiUaris or the tunica Riiyschiana. 

3. The inner layer is a hyaline homogeneous layer, termed the lamina vitrea. 
which is closely applied to the retina. 

THE IRIS. 

The iris is composed of the following structures: 

1. The anterior surface is lined by a layer of endofhelioid cells similar to 
and continuous with the layer of cells lining the internal surface of the cornea. 

In dark-colored eyes these cells contain pigment. 

2. A stroma which consists of an interlacing network of librous tissue, 
among which are blood-vessels, and connective tissue corpuscles which contain 
pigment in dark-colored eyes. The fibres are chiefly arranged radially toward 
the pupil, some being circularly disposed around it. 

3. Muscle fibres of the involuntary variety. Around the pupil the fibres are 
arranged in a circular manner, forming the spJtinctcr of the pupil. The remaining 
fibres are arranged radially toward the pupil from the circumference of the iris, 
and are termed the dilators of the pupil. 

4. The posterior surface of the iris is covered by a thick stratum of pig- 
mented cells which are derived from the pigmented layer of the retina. Owing 
to the purple color of the layer it is termed the uvea. 

THE CILIARY MUSCLE. 

The ciliary muscle (Bowman) consists of involuntary muscle fibres disposed 
in two sets. One set arises at the junction of the sclera propria and the cornea, 
intimately related with the peripheral termination of the dilator fibres of the 
pupil, and extend posteriorly to terniinate in the choroid coat, near the ciliai")' 
processes. The other set is disposed circularly around the circumference of the 
iris, and is termed the riiicj muscle of Muller. 

THE CILIARY PROCESSES. 

The cilliary processes are fringe-like projections of the choroidea consisting 
of the middle layer and the lamina vitrea. They are very numerous, being about 
seventy in number in one eye, and are rich in blood-vessels and i)igmented connec- 
tive tissue corpuscles. Their outer b(jrders corresponding to the lamina vitrea 
are not pigmented. The fibrous tissue of which they are comiiosed graduall)' 
blend with the fibres of the suspensory ligament of the lens. 




M 98 — ^Mi 1 1 t t,r 1 h Tallin f i ( r 11 e 1 c i 1 I i i ^, 1 r ^ ), 

illuNtratii.s the arrangement of the pnrls of an eye. 
a, cye-Hd; h, fold of conjunctiva; c. cornea; d, lens; c. vitreous humor cavity; /, retina; 
(7, undifferentiated choroid and sclerotic coats; h, eye-muscle. 
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THE RETINA. 

The retina, the internal tunic of the eye, hnes the posterior portion of the eye, 
extending forward to the cihary processes, where it terminates as a serrated free 
border, termed the ora serrala. The retina contains the termination of the optic 
nerve, and is capable of responding to visual impressions throughout its extent, 
except at the point of entrance of the arteria centralis retinae (which in reality 
is due to the absence of the retina at that point). The posterior portion of the 
retina responds more readily than the anterior portion, one spot being more 
sensitive than the remainder, which is situated at the centre of the retina and is 
termed the yellow spot or the maciilata Intea of Sommerring, in the centre of 
which there is a depression termed the fovea centralis. 
The retina may be divided into ten layers : 

1. The pigmented layer, the layer next to the choroid coat, consists of 
a layer of hexagonal columnar-shaped nucleated cells. The cells are pigmented 
and send filamentous projections between the constituents of the next layer. 

2. The layer of rods and cones. This layer consists of t-he cells which 
receive the visual impressions. The cells are of two kinds, rods and cones. Each 
rod is divided into two segments, an outer and an inner. The outer segment is 
columnar or rod-shaped, and is transversely striated, appearing to be composed 
of flat discs superimposed upon each other. The inner segment is slightly broader 
than the outer segment for a distance about ecjual to the length of the outer seg- 
rtient, then tapers to form a narrow filjre, which soon becomes enlarged to enclose 
the rod nucleus, then becoming narrow again continues to the outer molecular 
layer. The outer border of the inner segment is striated lengthwise, while the 
portion between the outer border and the point at which it tapers is granular. A 
cone is similar to a rod, except that the outer segment is conical and shorter than 
the corresponding segment of the rod, and that the portions of the inner segment 
are broader than the corresponding portions of the inner segment of the rod. 

The cones appear to be capable of causing more accurate vision than the rods. 
They are most numerous in the fovea centralis, least numerous or absent in the 
anterior portion of the retina. 

3. Tpie membrana limitans externa is composed of fibres derived from 
the fibres of Miiller, from which fibrous projections extend between the rods 
and cones. This membrane is situated on a level with the beginning of the taper- 
ing portion of the inner segments of the rods and cones. 

4. The outer nuclear layer is composed of the nucleated portions of the 
rods and cones. They are of two kinds, termed the rod-granules and the cone- 
granules. A rod-granule is spindle-shaped, and consists of a nucleus and two 
tapering ends, the distal end being continuous with a rod, while the proximal 
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end becomes A-aricose and terminates in an enlargement at the border of the next 
layer. A conc-granulc is similar to a rod-granule, except that its nucleus and the 
tapering ends are broader than the corresponding portions of the rod-granule. 

5. The outer molecular layer is a thin layer composed of a fine fibrillar 
network, among which are small granular bodies which probably are nuclei. The 

. , -. _ .......- --T fibrillae, of which the network is composed, are 

derived from proximal ends of the rod- and 
cone-granules, and from the fibres of Miiller. 

6. The inner nuclear layer is com- 
posed of three kinds of cells : (a) Bipolar cells, 
one process of each cell extending to the outer 
molecular layer, probably communicating with 
a rod or a cone, while the other process ex- 
tends to the inner molecular layer; (b) Mul- 
tipolar cells, the processes of each cell extend 
into one of the molecular layers; (c) Cells 
connected with or contained in the fibres of 
jMuller. 

7. The inner molecular layer is 
thicker than the outer molecular layer, and 
contains ramifying fibrillae, among which are 
granular-looking nuclei, 

8. The vesicular layer consists of a sin- 
gle row of large bipolar ganglionic or nerve- 
cells. The proximal process of each cell is 
connected to a fibre of the next layer, while 
the distal process ramifies, the ramifications 
passing into the inner molecular layer, 

9. The fibrous layer is composed of 
nerve cells derived from the optic nerve. The fibres lose their medullary sheaths 
during their passage through the lamina cribrosa of the sclera, and probably send 
a primitive fibrilla to join the proximal process of each cell of the vesicular layer. 

10. The iiE:MT;RANA limitans interna is formed by the filjrcs of ^Iiiller, 
and separates the retina from the capsule of the vitreous humor of the eye. 

The layers of the retina are held together liy a connective tissue network, 
the fibres of which are termed the fibres of Miiller. They commence at the inner 
border of the retina (adjacen;; to the vitreous body) as liases of cones, the joined 
bases forming the internal limiting membrane of the retina. The fibres extend 
into and between the jjortions of the A'arious retinal la)'ers, terminating at the 
external limiting membrane. In the inner nuclear layer of the retina the fibres 
of ]\Iuller a])pear to lie nucleated, giving the cellular a])pe;irance mentioned. 




Fig. 159. 

Tile retina of the eye (partly diagrammatic). 

{a) pigmented layer; (b) layer of rods and 
cones; (c) outer nuclear layer; (d) outer 
molecular layer; (e) inner nuclear layer; 
if) inner molecular layer; (g) vesicular 
layer; (h) fibrous layer; ii) external lim- 
iting membrane; (771) fibre of Miiller. 
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As the retina extends anteriorly toward the ora serrata, it gradually dimin- 
ishes in thickness and sensitiveness. The cones gradually diminish in number 
and disappear, then disappear the rods, then the vesicular, fibrous and reticular 
layers. The radial fibres of Miiller become more distinct. The pigmented layer 
continues on to the ciliary processes as the pars ciliaris, and on the posterior 
surface of the iris as the pars iridica retinae. 

THE LENS. 

The lens is situated immediately behind the pupil, and is the most important 
of the refracting media. It is enclosed by a capsule which is a transparent elastic 
membrane, the portion covering the anterior surface of- the lens being about 
twice as thick as the portion covering the posterior surface. The capsule is lined 
by a layer of low columnar-shaped cells, except at its posterior portion. By some 
authors the layer of cells is considered as a portion of the lens substance and 
not as a portion of the capsule. At irregular intervals small spaces may be ob- 
served between the cells and the membrane of the capsules, termed the supra- 
epithelial spaces. Between the epithelial cells and the lens-substance there is a 
distinct space termed the sub -epithelial space. 

The lens substance is a biconvex mass, and consists of fibres arranged in 
lamellae which run concentrically around the centre of the lens. The central 
portion of the lens being more dense than the peripheral portion, is termed its 
nucleus. The fibres are formed by the epithelial cells lining the capsule, and in 
their early stages of development contain distinct nuclei, which disappear as the 
fibres become older. On transverse section, the fibres appear as sections of 
prisms with polygonal-shaped bases. 

The suspensory ligament of the lens, or zonula of Zinn, is composed of 
ligamentous fibres which arise from the fringe-like folds of the ciliary processes 
and from the depressions between the folds, and are inserted in the ec|uatorial 
portion of the lens-capsule, some of the fibres extending into its anterior portion. 

The lens, with its capsule and suspensory ligament, divides the interior of 
the eye into two unequal portions. The anterior portion is occupied by the 
aqueous humor, the posterior portion by the vitreous body or humor. 

The anterior portion is subdivided into two chambers by the iris, the anterior 
of which, termed the anterior chamber, is bounded by the posterior surface of 
the cornea and the anterior surface of the iris ; the posterior of which termed the 
posterior chamber, is bounded anteriorly by the posterior surface of the iris, pos- 
teriorly by the anterior portion of the lens-capsule. The chambers communicate 
through the pupil, and contain the aqueous humor, which consists of water con- 
taining a small amount of salts, the chief of which is sodium chloride. 
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The posterior portion of the interior of the eye is occupied by the vitreous 
BODY, which consists of mucoid tissue in its early stages of development ; of 
"water, salts, and wandering cells in its adult condition, the mucoid cells having 
disappeared. The anterior surface of the body is depressed to accommodate 
the posterior surface of the lens. Enclosing the vitreous body, except at its 
anterior surface, there is a transparent homogeneous membrane, termed the 
hyaloid membrane, which becomes fibrous as it nears and blends with the zonula 
of Zinn. 

The arteries of the eye, derived from the oijhthalmic artery, are divided into 
two sets, retinal and ciliarx, which are distinct from each other except at the 
point of entrance of the optic nerve, where they communicate by means of a few 
anastomosing branches. 

The retinal set are branches from the retinal artery, and supply nourish- 
ment to the retina. One of the branches pierces the vitreous humor of the em- 
bryo, termed the hyali'Ad artery, which disappears later, and is represented by a 
few fibres in the adult humor. 

The ciliary set is subdivided into three groups, short, long, and anterior. 

1. TJie short ciliary arteries arise from the ophthalmic artery and surround the 
optic nerve as it enters the eye. They pass through the sclerotic coat into the 
choroid, which it supplies in addition to the ciliary processes. 

2. The loncj ciliary arteries, of which there are two, pass through the sclera, 
each jiassing through the sclerotic and choroid coats on one side of the eye, to 
the ciliary muscle, and encircle the periphery of the iris, forming the large arterial 
circle from which branches pass radially toward the pupil and form a smaller 
circle among the fibres of the sphincter of the pupil. 

3. The anterior ciliary arteries, derived from the muscular branches, of the 
ophthalmic artery, pass through the sclera ]jropria near its junction with the 
cornea, and terminate in the large arterial circle of the iris. 

The lyinpliatics arise in the clefts between the fi1)rous tissue of the various 
structures of the eye, as the corneal and scleral spaces; the canal of fetit (the 
triangular-sha[)ed circular canal bounded anteriorly by the suspensor)- ligament 
of the lens, posteriorly by the vitreous humor, internally by a ]iortion of the lens- 
capsule ) : the subscleral space; the interfascicular clefts of the choroidea ; ciliary 
fjrocesses, ciliary muscle, and iris; the perivascular s]iaces ; the h)'aloid canal; 
and the perineural s])aces of the optic nerve. The excess of acfueous humor 
passes from the anterior chamber into the s])aces of b""ontana. The Ivnuihatics 
join and form larger channels, which jjass from the eye along with the oi'itic 
nerve. 

The neri'cs of the eye, other than the optic, are termed the long and the short 
ciliary nerves. The long ciliary nerves arc derived from the nasal branch of the 
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ophthalmic nerve, and after receiving the short cihary nerves derived from the 
ophthalmic ganglion, pierce the sclerotic coat near to the optic nerve, and accom- 
pany the ciliary arteries to be distributed to the ciliary muscle and the iris. 

Experiment 159. Stain, mount and examine a longitudinal section of the 
eye, preferably of a small animal as the rat or guinea-pig. Notice and sketch, 
under the low power, the general appearance and arrangement of the different 
portions. Under the high power, examine and sketch portions of the cornea,, 
sclera, choroidea, ciliary processes, iris, and lens with its capsule. 

Exp. 160. Stain and mount a section of the head of an embryo (pig or 
kitten), the section having been cut so as to include the eye. Notice the lids still' 
closed, and the various parts as in Exp. 159. Notice the lens fibres, and the cell?^ 
on anterior border of lens. 

Exp. 161. If a prepared specimen of the retina can be obtained, examine it 
and notice the difi'erent layers. Sketch under the high power several rods and 
cones. 



CHAPTER XVIII. 
THE ORGAN OF HEARING. 

The organ of hearing consists of three portions, the external ear, the middle 
ear or tyvipanuin, and the internal ear or labyrintJi. 

The external ear consists of two portions, an expanded portion termed the 
pinna and a canal termed the e.vtcriial auditory meatus. 

The pinna^ commonly termed the ear, is composed of cartilage, connective 
tissue and muscle, and is covered by skin. The cartilage is a thin layer of the 
yellow fibrous variety, which follows the general outlines of the pinna, but is 
not present in the lobule of the pinna. It is incompletely divided into segments, 
which are held together by bands of yellow fibrous tissue termed ligaments. The 
connective tissue consists chiefly of the yellow fibrous variety, that of the lobule 
being adipose. The muscular tissue is of the voluntary variety, and differs in 
amount in difTerent pinnae. The skin which covers the pinna is thin, and pos- 
sesses sebaceous glands and short hairs. 

The external auditory meatus is a canal, formed by the auditory process 
of the temporal bone and cartilage, lined by an invagination of the skin. The 
cartilaginous portion forms nearly one-half the length of the canal, and is con- 
tinuous with and similar to the cartilage of the pinna. The osseous portion of the 
wall of the canal is composed of an inner and an outer layer of compact bone 
enclosing a layer of the cancellous variety. 

The skin lining the meatus is thin and closely united to the cartilaginous and 
osseous portions of the canal-wall. It extends to and is reflected upon the mem- 
brana tympani. Near the orifice of the meatus it is covered by long hairs, and 
contains sebaceous glands. The ceruminous glands are compound tubular glands 
which extend from the surface of the skin into the subcutaneous tissue of the 
cartilaginous portion of the canal. 

THE TYMPANUM. 

The tympanum, or middle ear, is separated from the external auditory 
meatus by a membranous structure termed the membrantum tympani, which 
consists of three layers : a middle fibrous layer composed of white and yellow 
fibrous tissue, some of the fibres being arranged radially from the center, others 
circumferentially ; an e.vternal layer, the reflection of the skin of the external 
auditory meatus ; an inner layer, which is a portion of the mucous membrane 
which lines the tympanum. Covering the foramen rotundum there is a secondarv 
tympanic membrane similar in structure to the membranum tympani, consisting 
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of three layers: a middle fibrous; an external layer (tympanic surface) com- 
posed of mucous membrane continuous with that of the tympanic cavity ; an in- 
ternal layer composed of endothelioid cells. The mucous membrane lining the 
tympanum consists of a tunica propria and an epithelial portion. The epithelium 
is of the ciliated cuboidal variety in the lower portion of the tympanum near the 
opening of the Eustachian tube and non-ciliated in the remaining portions of the 
tympanum. The mucous membrane extends into the mastoid cells, where it is 
lined by non-ciliated epithelium. 



THE INTERNAL EAR. 

The internal ear, termed the labyrinth on account of its complexity, consists 
of a membranous sac (lining the irregular hollo wed-out cavity in the petrous por- 
tion of the temporal bone, termed the osseous labyrinth) and structures contained 
in the sac, together forming the membranous labyrinth. 

The membranous labyrinth is connected to the osseous canals by fibrous pro- 
jections, the spaces left between the membranous and osseous labyrinths being 
filled by the perilymph. 

The wall of the membranous labyrinth consists of two portions, an outer 
fibrous portion and an inner hyaline portion lined by a layer of cells which secrete 
the endolymph. 

The membranous labyrinth is composed of a vestibule, three semicircular 
canals and the cochleal canal. 

The vestibule consists of two portions termed the utricle and the saccule. The 
semicircular canals are membranous tubes suspended in the osseous semicircular 
canals, the inner border of which is papillated, with dilated ampullae nearly fill- 
ing the osseous ampullae. 

The cochlea is conical in. shape, having a columnar projection termed the 
modiolus or columella extending from the centre of its base nearly to its apex. 
Projecting from the circumference of the modiolus there is a lamina of bone 
which passes spirally from the lower portion to its termination, termed the 
lamina spiralis. The lamina projects about half way across to the membranous 
wall. The terminal edge of the lamina is connected to the membranous wall by 
a fibrous projection from it, which consequently is spirally arranged, and is termed 
the Hgamentum spirale. In this manner two canals are formed, the upper of 
which is termed the scala vestibuli, the lower the scala tympani. The upper canal 
is subdivided by a membrane, termed the membrane of Reissner, which extends 
from the Hgamentum spirale to the edge of the lamina spiralis, the triangular- 
shaped canal thus formed being termed the scala media or canalis cochleae. 



148 



MANUAL OF NORMAL HISTOLOGY. 



The canalis spiralis modioli (Rosenthal) is a spiral canal which winds around 
the modiolus at the junction of the lamina spiralis with the modiolus. The con- 
nective tissue of the upper surface of the lamina spiralis becomes thickened near 
the termination of the lamina, which is termed the rnnbiis laminae spiralis and ter- 
minates as a groove termed the spiral groove. The ligamentum spirale is com- 
posed of fibrous tissue derived from the endosteum of the bony wall of the 
cochlea. As the ligamentum spirale approaches the lower border of the spiral 




Fig. i6o. 

Diagrammatic representation of a portion of the human cochlea. 

(a) ligamentum spirale; (c) lamina spiralis; (&) memorane of Reissiier; (c) basilar membrane; (("/. f.) canal 

of the cochlea; is.t.) scala tympani; isx'^ scala vestibule; (0 membrana tectoria; (/) spiral groove; ( C ) 

organ of Corti; (i) internal ciliated epithelium; (t') external ciliated epithelium; (,(f) canal oi tunnel 

of Corti; (wj nerve fibres. 



groove the upper border becomes more dense and hyaline and is termed the 
basilar membrane, upon which rests a layer of cuboidal-shaped cells. Extending 
from the upper surface of the lamina, arising between the attachment of Reiss- 
ner's membrane and the termination of the limbus, to the wall of the cochlea, 
there is a delicate membrane termed the membrana tectoria or the memhrane of 
Corti. The canal formed between Corti's membrane and the basilar membrane 
is termed the ductus cochlearis or ductus anditorius, in which is contained the 
organ of Corti. 

The organ of Corti consists of cells peculiarly arranged : 
The rods of Corti are attached to the basilar membrane, and are divided 
into an inner and an outer row. The bases of the cells of the inner row are sep- 
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FjC. i6i. 
The organ of Corti (partly diagrammatic). 
(e) protoplasmic cells; (f) tunnel of Corti; (o) outer 
rod, and (i) inner rod of Corti; (&) basilar mem- 
brane; ia) inner hair cell; (c) outer hair cells; (s) 
epithelium of spiral groove; (d) reticular lamina. 



arated from the bases of the cells of 
the outer row, and the cells of one 
row lean toward and meet the corre- 
sponding ones of the other row, thus 
forming an arch which encloses a 
canal termed the zona arcuata, which 
ascends through the length of the 
cochlea. The inner rods are more 
narrow and numerous than the 
outer, and are somewhat ulna-shaped. 
In the angular corners of the zona arcuata at the base of the cells there is usually 
a row of granular cells. To the inner side of the inner rods there is a layer of 
cells columnar in shape and ciliated at their free borders termed the inner hair 
cells, next to which the cells are cuboidal and continue as a lining to the sulcus 
spiralis. The upper portion of the outer rods have been compared in appear- 
ance to the neck, head and bill of a swan. External to the outer rods there is a 
layer of ciliated columnar-shaped cells termed the outer hair cells, beyond which 
there are cells which are non-ciated and cuboidal in shape. The cells gradually 
become endothelioid on the ligamentum spirale. 

Extending over the outer hair cells there is a reticular lamina or membrane 
of Kolliker, which appears to arise from the upper border of the inner rods and 
receive the projection (phalangeal process) from the outer rods. The mem- 
brane is composed of several rows of "fiddle-shaped" fibres termed phalanges. 
In the membrane there are small openings through which the cilia of the outer 
hair cells project. The membrane of Corti, or membrana tectoria, is above but 
not in contact with the reticular lamina. 

The internal auditory artery divides into two branches, cochlear and vesti- 
bular. The cochlear artery divides into branches which enter the modiolus and 
terminate as capillaries in the lamina spiralis. The vestibular artery supplies the 
membranous labyrinth. Veins arise from the capillary networks and terminate 
in the superior petrosal sinus. 

The auditory nerve divides into two branches, cochlear and vestibular. The 
vestibular nerves supply the membranous labyrinth. The cochlear nerve divides 
into branches which pass in the modiolus, thence into the spiral lamina to the 
organs of Corti. 

Experiment 162. Stain, mount and examine a section of the pinna. Notice 
the skin, cartilage, yellow fibrous tissue and muscular tissue. Sketch. 

Exp. 163. Stain, mount and examine a vertical section of decalcified coch- 
lea. Notice the modiolus, lamina spiralis, ligamentum spirale, and the organ of 
Corti. Sketch. 



CHAPTER XIX. 
THE ORGAN OF SMELL. 

The organ of smell, besides containing the peripheral terminations of the 
olfactory nerve, is the beginning portion of the respiratory tract. It consists of 
two portions, the nose and the nasal fossae. 

The nose is a pyramidal-shaped projection covered by skin, and is composed 
of an osseous and cartilaginous framework lined by mucous membrane and cov- 
ered by muscle and connective tissue. 

The osseous portion of the framework is composed of the nasal bones and 
the nasal processes of the superior maxillae, which are similar to the other bones 
of the face in consisting of an internal and an external layer of compact bone 
enclosing cancellous bone. 

The cartilaginous portion consists of cartilages one of which, that of the 
septum, is of the white fibro-variety, the others being of the hyaline variety. 

The muscular tissue is situated external to the framework and is of the vol- 
untary variety. 

The connective tissue is scanty, consists of the areolar variety, and is most 
abundant in the lobe of the nose. 

The skin is continuous with the skin of the cheeks, superior lip and fore- 
head, and with the mucous membrane lining the nose at the nostrils. It is thin 
throughout most of its extent, the thicker portions being on the alae nasi and tip, 
and contains numerous sebaceous glands. It contains hairs which are of consid- 
erable length at the nostrils. The mucous membrane of the nose is lined by 
stratified squamous epithelium. 

The nasal fossae are lined by mucous membrane which is mtimately con- 
nected to the periosteum and the perichondrium of the bones and cartilages over 
which it lies. It is continuous anteriorly with the mucous membrane of the 
nose, and posteriorly with the mucous membrane of the pharynx. The mucous 
membrane consists of two portions, the tunica propria and the epithelium. The 
tunica propria consists of fibrous tissue, in which there may be some adenoid 
tissue, and contains muco-serous glands termed Bowman's glands. The epithe- 
lium of the mucous membrance lining the nasal fossae is of the modified strati- 
fied columnar variety, which differs in the respiratory and olfactory regions. 
The respiratory region, which is the lower portion of the fossae, is lined by epi- 
thelium similar to the variety lining the trachea, ciliated stratified columnar 
variety containing goblet cells. The olfactory region, the upper portion of the 
fossae, is lined by stratified columnar epithelium, some of the cells of which ha\'e 
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been modified in order to receive and transmit odors, becoming neuro-epithelial 
cells. The cells of the olfactory region of the mucous membrane are of three 
varieties : 

(a) Sustentacular cells, which are columnar-shaped and form an outer layer, 
the free border of the cells forming the membrana lim- 
itans olfactoria. The protoplasm of the cells contain 
pigment of a yellow color. The lower portion of each 
cell extends into the lower strata, as a filamentous pro- 
jection which in some instances branch. 

(b) Olfactory cells which are spindle-shaped, each 
consisting of an enlargement which contains the nucleus, 
and two tapering ends, the distal of which extends be- 
tween the neighboring sustentacular cells and terminates 
at the free surface of the mucous membrane as a single 
extremity, and in some animals as several extremities 
similar in appearance to cilia ; the proximal end passes 
through the lower stratum of cells to become connected 
with a fibrilla of the olfactory nerve. 

(c) A stratum of cells, consisting of one or more 
layers resting upon the basement membrane, the cells being polygonal in shape 
and probably produce cells to replace the other varieties when required. 

The arteries to the nose form a close-meshed network in the tunica propria 
of the mucous membrane. The veins arising from the capillaries are numerous, 
large and sinus-like. 

The nerves of the organ of smell are of the medullated variety, most of 
which innervate the component parts of the organ ; while one, the olfactory, is 
the nerve specialized for the sense of smell. The olfactory nerve is distributed 
to the mucous membrane qf the upper portion of the septum and of the inner 
surface of the superior and middle turbinated bones, its ultimate fibrillae being 
continuous with the olfactory cells. 

Experiment 164. Stain, mount and examine a section of the nose. Notice 
the skin, cartilage, and lining epithelium. Sketch. 

Exp. 165. Stain, mount and examine a section of a decalcified superior tur- 
binated bone. Notice the mucous membrane with its lining epithelium, and the 
structure of the bone. Sketch. 



Fig. 162. 

Olfactory mucous membrane. 

(a) lowest layer of epithelial 
portion consisting of cuboi- 
dal-shaped cells; (c) susten- 
tacular cells; (o) olfactory 
cells; (n) nerve filire; (/) 
fibrous tissue; {g) gland of 
Bowman. 



CHAPTER XX. 
THE NERVOUS SYSTEM. 

The membr.'^nes — The spinal cord and the hrain are enveloped by three 
membranes : the dura mater, the arachnoidea, and the pia mater. 

The dura mater is the outermost of the three membranes, and consists of 
a network formed by white and yellow fibrous tissue and a few blood-vessels. 
Its outer surface is closely connected to the inner surface of the skull bones 
forming an internal periosteimi ; and loosely to the inner periosteum of the ver- 
tebrae by means of connective tissue extensions. Its inner surface is lined by a 
layer of endothelioid cells. 

The arachnoid (Gr. apdxvq^, a spider's web) membrane is non-vascular 
and composed of white fibrous tissue. Both of its surfaces are lined by endo- 
thelioid cells. Between it and the dura mater there is a space termed the sub- 
dural space, while the space which exists between it and the inner membrane is 
termed the subaraclinoidcal space. This membrane is attached to the dtira ex- 
ternally, and to the pia mater internally, by filamentous bands of connective tissue. 

The pia mater, the innermost of the membranes, is composed of white 
and yellow fibrous tissue in which ramify blood-vessels. It is divided into 
two layers the outer of \vhich is dense and covered by a layer of endothelioid 
cells ; the inner of which is loosely arranged and extends into the fissures and 
depressions of the spinal cord and the brain, terminating as a reticulum in the 
cerebro-spinal substance. 

The spinal cord is suspended in the vertebral canal by means of the ligamciita 
denticulata, each of which is situated between the origins of the anterior and 
posterior roots of the spinal nerves, attached to the pia mater internally, the 
dura mater externally. 

THE SPINAL CORD. 

The spinal cord is composed of white and gra)- matter, the former occurring 
as a covering external to the latter. Extending from the anterior median (longi- 
tudinal) line there is a fissure termed the aiiferiur median fissiirc. In the corre- 
sponding posterior median line there is a slight depression, from the bottom of 
which extends an areolar connective tissue septum, the depression and the septum 
being termed the posterior median fissure. The fissures extend into the cord for 




M 100- — ^Microphotograph of the spinal cord of a child x 5. 
o, anterior curnn; b. white matter of cord; c, posterior cornu; d . anterior median iissure. 
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a. spinal cord; h, 1)0(ly i>f verteijra in centre of which is the remains of tlie nutnehord; 
c. neural arch; <i . s[iina! ganglion (which is shown in M ,U), under greater magni- 
fication); r. musculature of the hack. 
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a variable distance, tending to divide it into two lateral halves. The portion of 
the cord between the internal terminations of the fissures is termed a commissure, 
and connects as a bridge the two lateral halves. The commissure is composed 
of white and gray matter, the former consists of transverse fibres situated an- 
teriorly and is termed the zvhitc commissure, the latter is situated posterior to 
the white commissure and is termed the gray commissure. In the centre of the 
gray commissure is the central canal, which is lined by a layer of ciliated colum- 
nar-shaped cells. 
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Fig. 163. 
A transverse section of the spinal cord, the right half of which is diagrammatic, while the left half repre- 
sents lialf of a section of the cord of a dog, under the low power. 
iA') anterior portion of cord (anterior median fissure); (d) dura mater; (.?) subdural space; (a) 
arachnoid memljrane; (,s') subarachnoidal space; (,p) pia mater; {P) posterior median fissure; (/) liga- 
mentum dcnticulatum; (a. c.) anterior cornu; {c.s.c.} central spinal canal; (p. c.) posterior cornu; {D. 
F. T.) direct pyrann'dal tract; (A. R. Z.) anterior root zone; (c) anterior root fibres; (M. L.) mixed lateral 
tract; (D. C. T.) descending cerebellar tract; (D. C.) direct or dorsal cerebellar tract; (C P. T.) crossed 
pyramiaal tract; (A^) anterodateral cerebellar tract; (G) column of Goll; (B) column of Burdach. 



Each lateral half of the cord contains a crescent-shaped mass of .gray matter, 
the convex border of which is toward, and connected by means of the gray com- 
missure to, the convex border of the other. The posterior cornu of the crescent 
reaches nearly to the surface of the cord, is narrow throughout most of its length, 
becoming broader at its outer extremity, the broad portion being termed the 
caput cornu. The anterior cornu is broad and does not extend near to the sur- 
face. From each cornu fibres extend to form the respective roots of the spinal 
nerves. By means of the cornu and the root-forming fibres the white matter of 
each half of the cord is divided into three columns : anterior, lateral, and posterior. 

The WHITE MATTER of the cord consists of medullated nerve-iiljres held 
together by the network formed by the neuroglia and the inshoots from the pia 
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Fig. 164. 
Portion of the spinal cord (Iiigh power). 
(A) gray matter showing (c) nerve cells, and 
(a) neuroglia cells; (B) white inatter showing 
cross section of nerves (n); (C) central spinal 
canal showing ciliated epithelium. 



mater, and disposed in bundles termed 
tracts. The anterior column is divided 
into two tracts, the direct pyramidal 
(Tiirck's) and the anterior root zone; the 
posterior column into two, the colwinn of 
Goll and the column of Burdach; the lat- 
eral column into five, the crossed pyra- 
midal, the descending cerebellar, the direct 
cerebellar, the antcro-lateral cerebellar 
(Gower's), and the mixed lateral. 

According to the degenerative method 
of experimentation the direct pyramidal, 
the crossed pyramidal and the descending 
cerebellar are descending tracts ; the pos- 
terior median (Goll), the direct cerebellar, 
and the antero-Iateral (Gower's) are 
ascending tracts. 

The cr.\y matter of the cord consists of nerve-cells and their processes, held 
together by neuroglia. The nerve-cells are distributed throughout the gray mat- 
ter, some of which are collected into groups. The groups are: 

1. Several groups of large multipolar cells situated in the anterior cornu, 
the axis cylinder processes of which form the anterior roots of the spinal nerves. 

2. A group of large cells situated in the inner portion of the base of the 
posterior cornu, the axis cylinder processes of which pass into the direct cere- 
bellar tract of the white matter of the cord. This group of cells is termed Clark's 
column. 

3. A group of cells situated in a projection from the outer side of the 
body of the crescent termed the lateral cornu, which group is termed the inter- 
media-lateral tract. 

Exjjeriment 166. Stain with haematoxylin and eosin, mount and examine 
a transverse section of the spinal cord. Under the low power, sketch the outlines 
of the white and gray matters. Under the high power, sketch the central canal, 
nerve-cells, and sections of nerve-fibres. 

Exp. 167. Stain with Van Giesen stain a section of the spinal cord, and 
mount, examine and sketch. 



THE MEDULLA OBLONGATA. 

The medulla consists of gray and white matters which are continuous with 
the corresponding matters of the cord. It is divided into lateral halves by an in- 
comjjlete sejituni. 
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The white matter of each half of the medulla is arranged in four columns; 
the anterior pyramid, the lateral tract, the restiform body, and the posterior 
pyramid. 

The fibres of the anterior pyramid are continuations of those of the direct 
pyramidal tract of the corresponding side of the cord and of the crossed pyra- 
midal tract of the opposite side of the cord. After receiving fibres from the 
lateral tract of the medulla, the fibres of the pyramid are distributed to the cere- 
brum and to the cerebellum. Those which pass to the cerebrum are arranged in 
two sets, the inner of which passes as a distinct bundle internal to the olivary 
body, while the outer encloses the olivary body, from which it receives fibres, tO' 
become the olivary fasciculus. The fibres which pass to the cerebellum run as a 
bundle below and external to the olivary body to blend with the restiform body. 

The fibres of the lateral tract are continuations of fibres of the lateral tract 
of the corresponding side of the cord. Some of them pass to the anterior pyra- 
mid of the opposite side of the medulla, some pass beneath the olivary body to 
aid in forming the fasciculus teres, others join the restiform body and pass to the 
cerebellum. 

The olivary body is composed of gray and white matter, the former, termed 
the corpus dentatimi of the olivary body, exists as a capsule open at its upper 
extremity ; while the latter consists of medullated fibres, passing into or from the 
interior of the capsule, which aid in forming the olivary fasciculus. 

The restiform body is composed of fibres which are continuous with those 
of the column of Burbach (fasciculus cuneatus). It blends with fibres from the 
anterior pyramid and lateral tract of the medulla. It enters the pons and divides 
into two sets of fibres, one of which accompanies the posterior pyramid to the 
cerebrum, while the other passes to the cerebellum as its inferior peduncle. 

The gray matter of the lower portion of the medulla is continuous with 
that of the cord and, like it, is arranged as two lateral crescents joined by a gray 
commissure which contains in its centre the central canal. The central canal as 
it extends upward becomes wider and lozenge-shaped to become the fourth ven- 
tricle. The anterior cornu of each crescent as it extends upward becomes larger 
and penetrated by the decussating fibres from the crossed pyramidal tract of the 
cord. The decussating fibres divide the cornu into two portions. The portion 
which is divided off by the fibres is termed the lateral nucleus of gray matter,, 
while the portion which is penetrated by the fibres is termed the formatio reti- 
cularis of the medulla and consists of gray and white matter. The posterior 
cornua as they extend upward diverge, the caput of each becomes larger and 
appears as a mass of gray matter near the surface which is termed a tubercle of 
Rolando, while the remaining portion of the cornu blends with the gray com- 
missure to aid in forming the boundary of the central canal and later the floor 
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of the fourth ventricle. As the central canal expands to become the fourth ven- 
tricle, portions of the gray matter which forms its wall extend on each side into 
the posterior pyramid and the restiform body forming the nitdcits gracilis of 
the pyramid and the nucleus cuucatus of the restiform body (fasciculus cuneatus). 
The fourth ventricle is a contmuation of the central canal of the cord, and its 
peculiar shape is due to masses of fibres which form its boundaries. Its floor 
contains a longitudinal median depression which terminates below in the calamus 
scriptorius. Situated in the upper portion of the floor there is an eminence on 
each side of the median depression, termed the fasciculus teres, which consists of 
gray and white matter. Most of the cells of the floor of the fourth ventricle are 
collected into groups from which arise cranial nerves. The groups in the lower 
portion of the floor give origin to the hypoglossal and the spinal accessory nerves. 
The next group, which is situated near the upper extremity of the calamus scrip- 
torius, gives origin to the vagus. The next group gives origin to the glosso- 
pharvngcal; while the group near the upper end of the floor gives origin to the 
auditorv nerve. Passing across the floor of the ventricle from the median de- 
pression are the transverse 'wliite striae, some of which pass into the auditory 
nerve. Passing from the anterior median fissure of the medulla white fibres, 
termed arciform fibres, extend transversely on the anterior surface of the me- 
dulla. The internal surface of the fourth ventricle is lined by ciliated columnar- 
shaped cells, resting upon a basement membrane termed the epeudyiiia. 

THE PONS VAROLII. 

The pons is divided into t\\'o lateral halves by an incomplete septum which 
is continuous with the septum of the medulla. Each half is composed of white 
and gray matter. The white matter is composed of medullated fibres some of 
which pass transversely, while the others pass longitudinally. The transverse 
fibres are arranged in two sets, superficial and deep, the former of which is on 
the anterior surface of the pons and is composed of fil^res derived from the 
middle peduncles of the cerebellum, the fibres of one peduncle being continuous 
in the vertical median line of the pons with those of the other. The dee]5 trans- 
verse fibres are derived from the middle peduncles of the cerebellum, among 
which are fibres which pass from the superior olivary fasciculus of one side of 
the pons to the accessory auditory nucleus of the other side. The longitudinal 
filjres of the pons are derived from the medulla and pass across the deep trans- 
verse filjres, at right angles to them, to the cerebrum. The irregular-shaped 
spaces formed l)y the crossing of the longitudinal and deeji transverse iihres con- 
tain gray matter, forming the fonuatio reclicularis poiilis. 

Longitudinal iiljres : 

1. The fibres from the anterior p)'ramid pass through the pons to form the 
crusta of the cms cereliri. 



MANUAL OF NORMAL HISTOLOGY. 157 

2. The olivary fasciculus divides into two bundles, one of which passes to 
the corpora C[uadrig;emina, while the other blends with the fibres of the lateral 
tract of the medulla. 

3. The fibres from the lateral tract and posterior pyramid of the medulla, 
after receiving fibres from the olivary fasciculus and restiform body, become 
mixed with gray matter forming the fasciculus teres of the fourth ventricle, 
whence they continue upward to aid in the formation of the tegmentum of the 
crus cerebri. 

The formatio reticularis of the medulla, after sending ofl^ a portion to form 
the olivary body, extends into the pons, becoming continuous with the formatio 
reticularis pontis. 

THE CEREBELLUM. 

The cerebellum is composed of white and gray matters. 

The white matter consists of two kinds of fibres, the peduncular and the 
fibrae propriae. The peduncular fibres arise from the cortical gray matter of the 
cerebellum and extend from each cerebellar hemisphere to the cerebrum, to each 
other, and to the medulla. They are divided into three sets termed peduncles : 

L The superior peduncle (processus e cerebello ad testes) is composed of 
fibres, some of which arise from the cerebellar cortex, others from the corpus. 










Fig. i6s. 
Portion of tlie cerebelliim fsligbtly magnified). 
(s) sulcus: (a) outer layer of gray matter; (b) cells of Pmkinie; (c) inner layer of gray matter; (rf> 
white substance of cereljellum. 

dentatum cerebelli. It passes inward and forward to the cerebrum, forming in 
its course the antero-lateral boundary of the fourth ventricle, to pass beneath 
the testes of the corpora quadrigemina. Some of the fibres of the peduncle con- 
tinue in the corresponding half of the cerebrum, while the internal fibres decus- 
sate with internal fibres of the superior peduncle from the other cerebellar hemi- 
sphere to pass into the cerebral hemisphere of the other side. 

2. The middle peduncle (processus ad pontem) is composed of fibres which 
arise from the cortex of each cerebellar hemisphere and pass through the pons 
as its transverse fibres, becoming continuous at the median septum pontis. 
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3. The inferior peduncle (processus ad medullani) is composed of fibres 
which connect the cerebelhim with the medulla oblongata. The fibres arise in 
the cortical substance of a cerebellar hemisphere and form the restiform bod}' 
which in its course forms the postero-lateral boundary of the fourth ventricle. 

The fibrae propriae of the cerebellum are of two kinds, commissural and 
arcuate. 

The couimissural fibres pass from the cortical substance of one cerebellar 
hemisphere to that of the other. 

The arcuate fibres connect one region of the cortical substance to another 
region in the same hemisphere. 

Ti-iE GRAY MATTER of the cerebellum exists as a cortical and a central por- 
tion. The central portion, termed the corpus dentatum cerebelli, is similar in 
structure to the corpus dentatum of the olivary body. The cortical portion ex- 
ists as a covering to the projections of white matter, which, with the projections, 
give the characteristic "arbor vitae" appearance. It is divided into three zones : 
an external granular, a middle vesicular, an internal granular. 

The external granular-looking zone is composed of a fine fibrillar network, 
some of the fibrillae being derived from the inshoots from the pia mater, others 

from the neuroglia-cells, and others from the cells of 
the vesicular zone below. Among the fibres there are 
numerous granular-looking masses usually round in 
shape which apparently are nuclei of neuroglia- and 
nerve-cells the processes of which aid in forming the 
reticular network. 

The middle or vesicular zone consists of large 
flask-shaped cells, termed the cells of Purkinje, ar- 
ranged with their large part toward the internal zone 
and their tapering end toward the external zone. The 
outer end of each cell divides, the divisions subdivid- 
ing, the ramifications aiding in the formation of the 
network of the outer zone. The inner larger portion 
of each cell sends out a filamentous projection into the 
inner zone which is probably continuous with a nerve 
fibre of the white matter of the cereliellum. 

The inner granular-looking zone rests upon the 
white matter of the cerebellum and appears similar to 
the outer zone, consisting of large and small granular- 
looking bodies, some of which apparently are nuclei 
of ganglionic cells, others of neuroglia cells, held 
together by the network formed by their processes. 

Experiment 168. Stain and mount a section of 
the cerebellum. Examine with the low power and no- 
tice the "arbor vitae" appearance. Under the high 
power, sketch several cells of Purkinje, with their processes. 








Fig. i66. 
A portion of the specimen used 
in fig. 165 (under high power). 
{a) pia mater; (b) outer mole- 
cular layer; (c) cell of Pur- 
kinje; id) inner molecular 
layer; (e) stellate cells (neu- 
rnpliaj ; (/) fibrous portion or 
white matter. 




a. cells ot I'urkinje; P, outer layer oi gray maiter; c. neuroglia ceii 
internal granular portion or inner layer of gray matter. 
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THE CEREBRUM. 

The cerebrum is composed of white and gray matter, the latter occurring as 
a covering to the convolutions and sulci of the hemispheres, as collections in the 
Wfhite matter, and lining the ventricles. 

The cortical gray matter consists of nerve-cells usually pyramidal in 
shape, and neuroglia cells, held together by a network formed by inshoots from 
the pia mater and ramifying processes of the cells. 
It is usually disposed in five layers. 

1. The superficial layer is similar in appear- 
ance to the outer granular layer of the cerebellum, 
consisting of round masses which appear to be nu- 
clei of neuroglia cells held together by the fibrillar 
network. 

2. The second layer consists of nerve-cells 
usually pyramidal in shape very similar in appear- 
ance to spear-heads. The processes from the angles 
of the cells branch and form a fibrillar network, 
while the process arising from the side of the cells 
(corresponding to the shaft of a spear), being an 
axis cylinder process, extends through the lower 
layers to become continuous with a nerve fibre of 
the white matter. 

3. The third layer is composed of structures 
similar to those of the previous layer except that 
the nerve-cells are larger. 

4. The fourth layer consists of structures sim- 
ilar to those of the two previous layers and repre- 
sents a transition between the third layer and the 
fifth. Among the cells medullated nerve fibres 
occur. 

5. The fifth layer, the layer bordering upon the white matter, is composed 
of round or spindle-shaped cells, among which are numerous medullated nerve 

fibres. 

The collections of gray matter termed the basal ganglia are : the corpus 
striatum, the corpora quadrigemina, the optic thalamus, the locus niger, and the 
corpora geniculata. 

The corpus striatum consists of two collections of gray matter, separated 
by a bundle of medullated nerve fibres termed the internal capsule. The intra- 
ventricular collection is termed the nucleus caudatus; the extraventricular collec- 
tion the nucleus lenticularis. They consist of large and small multipolar cells 
among which pass medullated fibres. 




Fig. 167. 

Portion of a section of the cere 
hrum cut vertical to the surface 
(stained with chloride of gold). 

(a) pia mater; (b) molecular layer 
(c) layer of small pyramidal 
shaped cells showing a teloden 
dron; (d) large pyramidal cells 
(c) layer of small pyramidal- 
cells; (/) irregular-shaped cells 
(g) white matter of cerebrum. 
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The optic thalamus is composed of nuiltipolar and fusiform cells arranged 
in two masses, an inner and an outer nucleus, separated by an incomjilele vertical 
septum. Internally it is separated from the corpus striatum liy the internal 
capsule. 

The corpora quadrigejiina consists of four bodies arranged as two pairs, 
one of each pair being on each side of the median line of the cerebrum. The 
anterior pair, termed the nates, consist of multipolar cells among which pass the 
fibres of the optic nerve. The superficial covering of each natis is termed the 
stratum zonalc, which consists of medullated nerve fibres. The portion immedi- 
ately beneath the, stratum zonale is termed the stratum cineruni and occurs as a 
dense mass of gray matter containing multipolar nerve-cells resting upon the 
underlying fibres of the optic nerve. The next ])ortion, termed the stratum 
opticuiu. consists of gray matter through which jjass fibres to form the o])tic 
nerve. The lowest layer with the corresponding layer of the other natis forms 
the central nucleus which forms the floor of the aqueduct of Sylvius, its multi- 
polar cells being grouped together to give origin to the third, fourth, and fifth 
cranial nerves. 

The posterior pair of the corpora quadrigemina, termed the testes, are com- 
posed of gra)^ matter containing multipolar nerve-cells and surrounded by me- 
dullated nerve fibres. 

The corpora geniculata. — The external corpus appears laminated, and 
consists of alternating thick layers of gray, and thin layers of white, matter. 
The cells of the gray matter are multipolar and pigmented. The internal corpus 
does not appear laminated and consists of gray matter, the nerve-cells of which 
are small, fusiform and not pigmented. 

The vdiite matter of the cerebrum is composed of medullated nerve fibres 
wdiich are devoid of neurilemmae. The fiVjres are divided into three sets: pedun- 
cular, which include the fibres derived from the pons Varolii contained in the 
crura cerebri ; commissural, which consists of fibres which connect portions of 
one hemisphere with those of the other; collateral or arcuate, which consists of 
fibres which connect pjortions of a hemisphere together. 

Eacji crus cerebri is composed of three portions: an upper, a middle and 
a lower. The middle portion, termed the locus niger, acts as a septum between 
the other two j)ortions and consists of small pigmented multipolar cells. The 
upfier portion, termed the te/jinentuin, consists chiefly of a continuation of the 
formatio reticularis pontis and fibres derived from the superior i)edunc1e of the 
cerebellum. The lower portion, termed the crusia, consists of fibres derived from 
the anterior pyramid of the medulla oblongata which pass as the internal capsule 
to the cortex cerebri. 
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The fibres continuing from the internal capsule and the other fibres of the 
peduncular set spread out in a fan-shaped manner to pass to the cortex. The fourth 
ventricle continues as a small canal, the Sylvian aqueduct, into the cerebrum, 
where it spreads out to form the third and the lateral ventricles. 

Commissures. — The anterior commissure is composed of medullated fibres 
which perforate the corpus striatum of each side to extend to the cortex cerebri. 
The posterior commissure is composed of medullated fibres which connect 
together the optic thalami posteriorly. The middle commissure is composed of 
gray matter which connects the inner portions of the optic thalami to each other. 

Experiment 169. Stain, mount and examine a section of the cerebrum, the 
section having been cut perpendicular to the surface. Look for the various layers 
of the cortical gray matter, and sketch, under the high power, portions of each 
layer. 

The Pineal gland or epiphysis cerebri is covered by the pia mater whicii 
sends trabeculae into the gland, incompletely dividing it into lobes, which finally 
forms a reticulum, in the meshes of which are two types of cells, neuroglia and 
interneiiroglia cells. 

The neuroglia cells are fusiform or stellate, possessing deeply staining nuclei 
and fibrous extensions termed glia fibres which intermingle with the fibres of the 
connective tissue reticulum. 

The interneuroglia cells are oval or polygonal in shape and possess a lightly 
staining vacuolated nucleus. 

Pigment granules are found in this gland sometimes in both types of cells, 
sometimes in one type, and sometimes in extracellular groups or clumps. 

The Pituitary body, on account of its development, shows in its anterior 
portion groups of epithelial cells simulating glandular alveoli ; and in its posterior 
portion cerebral structures. The epthelial cells of the anterior or glandular por- 
tion are of two kinds, viz : Chromophilic cells which are large oval cells, nuclei 
usually centrally located, and coarse granular protoplasm which has a special 
affinity for acid dyes ; and Chief cells which are more numerous but smaller than 
the other variety, cuboidal in shape, nuclei toward periphery, and finely granular 
' protoplasm which has a special affinity for the basic dyes. The posterior portion 
of the body consists of nerve cells, fibres, connective tissue, and vessels. 
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APPENDIX. 

Specimens ma}' be obtained and examined in some instances without previous 
preparation, as in the case of blood, bone-marrow, etc., the specimens being 
obtairn_-J on a shde, covered with a cover-sHp and examined. 

In soiue cases specimens are to Ije studied better after being teased. Teasing 
consists of the careful tearing apart of tissues, generally of a fibrous nature, with 
needles with appropriate handles, termed teasing needles. During this process 
one needle is to be used to hold down firmly on the slide the specimen, while the 
other is gently drawn several times through the specimen lengthwise. In order 
to keep the tissue moist while being teased, a drop or two of an indifl:'erent fluid 
should be placed on the specimen. The fluids which may be used are : 

Normal salt sohitiuii, A 0.75% aqueous solution of sodium chloride — 1.5 g. 
sodium chloride to 200 c. c. distilled water. 

Kroneckcr's fluid: Sodium chloride 5 g. ; sodium carbonate 0.06 g. ; dis- 
tilled water 100 c. c. 

Seliiiltjze's iodized serum : A saturated solution of iodin or tincture of iodin 
in amniotic fluid. 

When it be desired to cause portions of tissues or organs to fall apart, the 
specimen should be macerated with one of the following macerating fluids : 

1. Alcohol 2>i'^"c (Ranvier) which is applicable for macerating epithelia. 
Small pieces of the tissue, such as intestine, should be placed in this fluid from 
4 to 24 hours. The specimen should then be placed upon a slide with a few drops 
of the fluid and gently tapped several times and covered and examined. 

2. Caustic potash solution 35 %' macerates in 15 to 60 minutes. Useful in 
macerating epithelia and muscle. 

3. Hydrochloric acid, 20% to 30% aqueous solution, macerates in 12 to 24 
hours. Useful in macerating glands and isolating uriniferous tubules. The fluid 
is to be washed out with distilled water and specimens spread on slide in dilute 
glycerin. 

When it is desired to obtain sections of specimens as permanent mounts, 
the specimens are to undergo special preparation. 

The preparation of the specimens usually consists of the following processes: 
1. fixation. — The tissue or organ is obtained as quickly as possible after 
the death of the animal and cut into siuall pieces, about one-half inch long, one- 
quarter inch wide and one-quarter inch thick, which are ]-)laced in a solution 
adapted for fi.i-ing the component i>arts of the specimen and preserving them from 
undergoing disintegration or ])utrefaction. 
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2. Dehydration. — After the constituent portions of the specimens have been 
properly fixed, the specimen is then dehydrated by means of alcohol, 

3. Embedding. — The dehydrated specimen is prepared for embedding ; the 
embedding material used may be either paraffin or celloidin. 

4. Cutting. — The embedded specimen is then cut with either a razor or a 
microtome (Gr. /xtxpos, small; Tc/ii/oj, to cut), preferably the latter. 

5. Staining. — The sections may be caused to adhere to slides by means of 
some adhesive material, such as "albumin fixative," and then stained ; or they 
may be stained before being placed upon slides. 

6. Clarifying. — After sections have been properly stained the embedding 
material is either removed from them or clarified, and they then are mounted in 
Canada balsam or dammar upon slides, covered with cover slips and labeled. 

If the sections are to be fixed upon the slides before being stained, the slides 
are smeared with a thin layer of some transparent adhesive substance, such as 
"albumin fixative," in which the sections are placed ; the sections are then treated 
in the same manner as in the method used for staining and mounting sections 
before they are placed upon slides, with the exception that the solutions are 
placed upon the sections, instead of placing the sections into the solutions. 

If the sections are to be stained before being placed upon the slides they are 
passed through the reagents (see table) contained in staining dishes, clarified and 
mounted upon slides. 

If it be desired to stain a specimen in bulk before it is embedded, it is fixed, 
dehydrated, stained, embedded and then cut into sections, which may be clarified 
and mounted. 

In some instances when sections of a specimen are desired in a short time 
the specimen is fixed and sections are cut, the specimen being caused to adhere 
to the specimen holder of the microtome by means of water which has been made 
to freeze around it; or it may be held by a piece of an organ which, when pre- 
viously hardened, has sufficient firmness (as a piece of the liver). 



FIXING MEDIA. 

The fixing media are used for the purpose of fixing the component parts 
of a specimen as soon as possible after it has been taken from the body, in order 
that post mortem changes may not take place. 

The specimen should be cut into small pieces and suspended in the fluid. As 
soon as the fluid becomes clouded, it should be removed and replaced with fresh 
fluid. 

The chief fixing media are : 

FoRMOL or formalin, which is perhaps the best general fixing medium. It 
is a 40% solution of formaldehyde gas in water. 
IJ Formol, 5 to 10 per cent. 
Water, 95 to 90 per cent. 
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The specimen should remain in this sokttion 24 hours to two weeks, depend- 
ing upon the size of the specimen, and then transferred to 95% alcohol For the 
fixation of specimens from the central nervous system, 3% potassium bichromate 
may be added. 

Alcohol (ethyl alcohol) which is a generally used fixing medium. The 
specimen may be passed through solutions of alcohol in water of different per- 
centage passing from the lower tO' the higher; or it may be placed at once into a 
95 per cent, solution of alcohol in water. The absolute alcohol of commerce 
being about 95 per cent., it is necessary in some instances to convert it into abso- 
lute alcohol by removing the water, which may be done by placing dehydrated 
copper sulphate crystals into the flask of 95 per cent, until the copper sulphate 
crystals cease to turn blue, and then by carefully decanting or distilling off the 
liquid, absolute alcohol may be obtained. Lime may be used instead of the copper 
sulphate crystals, but the time required will be longer. 

In order to obtain alcohol of different percentages than the 95 per cent., the 
following method is recommended : Divide 95 by the percentage desired ; mul- 
tiply the quotient by 100, and then add to 100 c. c. of 95 per cent, alcohol, dis- 
tilled water sufficient to make the number obtained above, viz : to obtain 70 per 
cent, alcohol divide 95 by 70; then multiply the quotient 1.357 by 100, which .gives 
135.7. Therefore by adding 35.7 c. c. water to 100 c. c. of 95% alcohol, 135.7 c. c. 
of 70% alcohol will be obtained. 

Muller's fluid. 

Ij, Potassium bichromate, 2.5 parts. 

Sodium sulphate (Glauber's salt), 1 part. 
Water, 100 parts. 

The specimen should be left in this fluid 1 to 6 weeks, and then washed in 
running water for 4 to 8 hours, then rinsed in distilled water, and then dehy- 
drated by passing it through the lower percentage of alcohols to absolute, con- 
tained in dark colored bottles. 

Fleming's solution, which is a fixing medium especially adapted for nu- 
clear structures : 

Ji Chromic acid (1 per cent, solution), 15 c. c. 
Osniic acid (2 per cent, solution), 4 c. c. 
Glacial acetic acid, 1 c. c. 
Sometimes diluting with two to five times its bulk of water will give better 
results. Fresh specimens should remain in this fluid 1 to 2 days, then be washed 
in running water, then in distilled water and put through different strength alco- 
hols to absolute. 
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PiCRO-suLPHURic ACID, which is a fixing medium especially adapted for 
embryos : 

IJ Picric acid (saturated aqueous solution), 100 parts. 
Sulphuric acid (concentrated), 1 part. 
After standing for 24 hours, filter and add equal volume of distilled water. 
Acetic-alcohol mixture (Carney). 

5 Glacial acetic acid, 1 part. 
Absolute alcohol, 3 parts. 
Small pieces of the specimen should be left in this fluid }4 to 1 hour as it 
fixes very rapidly. Then they should be placed in absolute alcohol, which should 
be renewed in 24 hours. 

The above mixture may be modified by adding chloroform 3 parts to 1 of 
acetic acid and 6 of absolute alcohol. 

Osmic acid is used as ^^ to 1% solution. Small pieces should be placed in 
this fluid for 24 hours, then washed with running water for 24 hours, and then 
placed in 95% alcohol. 

Platino-acetic-osmic acid solution of Hermann is useful for bringing out cell 
boundaries. It is to be used in the same way as Fleming's solution. 
IJ Osmic acid, 2% aqueous solution, 4 parts. 

Platinum chloride, 1% aqueous solution, 15 parts. 
Glacial acetic acid, 1 part. 
H.^RDENiNG. — Specimens after having been fixed in any of the fixing media 
should be dehydrated or hardened by passing them through 50%, 70%, 95% 
alcohol, allowing them to stay in each at least 24 hours, and then they should be 
placed into absolute alcohol for 24 hours. They are then ready for embedding. 

EMBEDDING. 

In order that specimens may be cut into sections of suitable thinness they 
should be permeated by and embedded in some substance which, when it has set, 
gives firmness to the specimens and is not injurious to the cutting edge of the 
knife used in sectioning. The substances generally used are two, paraffin and 
celloidin. 

Paraffin method. 

The dehydrated specimen is placed into cliloroform or turpentine or 

xylol 2 to 10 hours. 
Then into a saturated solution of paraffin, in chloroform or in turpen- 
tine or in xylol, 2 to 4 hours. 
Into melted soft paraffin 3 hours. 
Hard paraffin should be slowly melted on a water bath and poured into a 
mold, into which the specimen is lifted from the soft paraffin (using a warm 
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section-lifter) and arranged in any position desired. When the surface of the 
paraffin appears to possess a thin fihn upon its surface, cold water should be run 
around and then over the mold. 

(A very efficient mold is formed by placing two right-angle-shaped pieces 
of metal (one-quarter inch deep) upon a glass plate so placed that they form a 
parallelogram. By adjusting the pieces of metal, molds of various sizes may be 
obtained.) 

Celloidin method. 

The dehydrated specimen is placed into a mixture of equal parts of 

absolute alcohol and ether 12-24 hours. 
It is then transferred to a thin solution of celloidin, in equal parts of 

absolute alcohol and ether, 12-24 hours. 
Then it is placed into a tJiick solution of celloidin (in ether and absolute 
alcohol, equal parts), 24 hours. 
The surface of a cork (the size of the cork depending upon the size of the 
specimen) having been smeared with a thin layer of the thick celloidin solution, 
the specimen is lifted to the cork and arranged in the position desired, and upon 
it a few drops of the thick celloidin is placed. When the surface of the celloidin 
becomes converted into a film, the cork is placed into a vessel containing alcohol 
(80 per cent.), in which it is kept until needed for sectioning. 

On account of the tendency of the cork, with specimen upon it, to float on 
the surface of the alcohol, the author has ceased using it, and has been using 
instead pieces of "fibre" that is used in electrical works for insulating purposes. 
The pieces sink to the bottom of the jar of alcohol, thereby keeping the specimen 
immersed. The surface of the pieces of "fibre" should be roughened, so as to 
cause better adhesion of the celloidin. Parloidin may be used instead of celloidin, 
in the same way. 

SECTIONING. 

Specimens may be cut into sections by means of a razor held in the hand or 
(which is more advisable) by means of a "microtome." If the specimen be em- 
bedded in paraffin, the paraffin should be carefully trimmed ofif to the end of 
the specimen at which the sectioning is to begin, the end being made rectancrular 
in shape. The specimen is placed in the specimen-holder of the microtome (sup- 
posing that the microtome is to be used) and the knife should be so arranged 
that the cutting edge is at an angle with the specimen if single sections l)e de- 
sired, parallel with the specimen if serial sections be desired. As the sections 
are cut they should be kejtt from curlmg by means of a fine camel-hair brush 
the brush being placed upon the edge of each section as it slides upon the knife. 

If the specimen be embedded in celloidin, it should be placed into the speci- 
men-holder of the microtome and continually kept flooded with alcohol (85 per 
cent.). The knife should be arranged at an angle and kept continually flooded 
also with alcohol (85 per cent.). The sections, as cut, should be placed into a 
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vessel which contains alcohol (85 per cent.) or a mixture of equal parts of alcohol 
(95 per cent.), glycerin and ether. The sections should Ije kept in the vessel until 
needed for mounting. 

In some instances when sections of a specimen are desired without pre- 
viously embedding the specimen in paraffin or celloidin, the specimen is fixed and 
then covered with water, which is then frozen by means of a freezing apparatus. 
The freezing may be done by means of an "ether spray" ; or by means of liquified 
carbon dioxide, which is allowed to assume the gaseous form beneath a metal, 
plate upon which the specimen rests. In either case the specimen rests upon a 
metal plate so constructed that it can be held by the specimen-holder of the 
microtome. 

The sections should be stained, for which purpose the following staining 
fluids may be used : 

STAINING SOLUTIONS. 

Haematoxylin. 

Dela field's — 

5 Saturated solution of haematoxylin in absolute alcohol, 4 c. c. 
Saturated solution of ammonia-alum in water, 150 c. c. 
After allowing the mixture to stand for eight days, exposed to the sunlight, 
filter and add : 

Glycerin, 25 c. c. 
Absolute alcohol, 25 c. c. 
To stain with this solution, add a small amount of it to an equal amount of 
water. 

Ehrlich's — 

g Haematoxylin crystals, 2 grms. 
Absolute alcohol, 60 c. c. 
After the crystals have been dissolved, add: 

Water, 60 c. c, saturated with ammonium alum. 
Glycerin, 60 c. c. 
Glacial acetic acid, 3 c. c. 
Haematoxylin and Red Oxide of Mercury — 

HaematoxA'lin crystals saturated solution in 95% alcohol, 25 c. c. 
Ammonia/(concentrated solution) 500 c. c. red mercuric oxide 1.5 grams. 
Mix in a flask and place the flask in a pan of water and heat gently to near 
boiling point. Remove flask and put it into cold water. 
Carmine. 

Borax-Carmine — 

i; Borax, 4 grms. 
Carmine, 3 grms. 
Warm water, 93 c. c. 
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After the borax and carmine have been dissolved by the water, add: 
Alcohol (70 per cent.), 100 c. c. 

Decant as needed. 

Sections should remain in this fluid 2 to 6 hours, then washed with acid 
alcohol (1% hydrochlorine acid to 100 c. c. 70% alcohol), then 95% alcohol. 

Picro-carmine (Ranvier) — 

To a saturated solution of picric acid add an ammoniacal solution of carmine 
until a precipitate appears. Evaporate slowly (on a water bath) to about one- 
fifth its volume, and filter. Evaporate the filtrate to dryness. The powder thus 
obtained should be dissolved in water as needed, the strength of the solution 
usually being 5 per cent. 

Alum-carmine (Grenadier) . 

Ammonium alum, 5% solution, 100 c. c. 
Carmine, 1 grm. 

Boil for 15 minutes and allow to cool. Filter and add enough distilled 
water to make 100 c. c. 

Cochineal solution (Czocor). 

Powdered cochineal 7 grm. and exsiccated alum 7 grm. are placed in 100 c. c. 
and boiled down to one-half the volume, being stirred all the while. After cool- 
ing it should be filtered and to it a few drops of carbolic acid added. This fluid 
stains rapidly, but does not overstain. After staining with it, wash specimens 
in distilled water, then dehydrate, clarify and mount. 

Van Giesen's acid fuchsin picric acid solution : 

Acid fuchsin, Ifo aqueous solution, 5 c. c. 

Picric acid, saturated aqueous solution 100 c. c. 
Dilute with equal quantity of water at time of using. 

To stain with this solution, the specimen should be overstained with haema- 
toxylin solution (about 5 minutes), and then be placed in this solution 2 to 3 
minutes, then rinsed in water, dehydrated in 95% alcohol, clarified and mounted. 
This is an excellent connective tissue stain. 

Safranin is an important stain, its importance depending chiefly upon its 
power of staining the chromatin filaments of nuclei : 
Safranin 3 parts. 
Alcohol (70 per cent.), 100 parts. 

The solution may be diluted with alcohol or made stronger by adding more 
safranin as desired. 

EosiN is generally used as a .2 to 2 per cent, solution of the water-soluble 
powder in water. 
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Metiiyl-green — 

Methyl-green, 1 grm. 

Distilled water, 100 c. c. 
After the methyl-green has dissolved, add 25 c. c. absolute alcohol. 
Silver nitrate. — The fresh piece of tissue which is to be stained is rinsed 
in distilled water and then placed into a one-half to 1 per cent, solution of silver 
nitrate in distilled water for five to fifteen minutes. It is then rinsed again in 
distilled water and exposed (in distilled water) to the action of sunlight. When 
sufficiently stained it should be thoroughly rinsed in a normal solution of sodium 
chloride and mounted in glycerin ; or in balsam after having been dehydrated. Sec- 
tions of embedded specimens may be stamed in the same manner, but before be- 
ing mounted they should be dehydrated and clarified. This stain affects especially 
cement substance, and therefore useful for staining endothelium and fibrous con- 
nective tissue. 

Chloride of gold. — Specimens may be stained with the chloride of gold 
(one-half to 1 per cent, solution in distilled water slightly acidulated with acetic 
acid) in the same manner as with silver nitrate. 

Weigert^s haematoxylin method is especially adapted for staining por- 
tions of the central nervous system. The specimen, after having been hardened 
or fixed in Miiller's fluid and embedded in celloidin, is immersed in a saturated 
solution of neutral cupric acetate which has been diluted with an equal volume 
of water, in which it is kept for about twenty-four hours at a temperature of 
35° to 45° C. The following solutions having been prepared : 
A— 

Lithium carbonate (sat. aq. sol), 1 part. 

Water, 90 parts. 
5— 

Haematoxylin crystals, 1 part. 

Absolute alcohol, 10 parts. 
and the specimen having been cut into sections, the sections are placed into a 
m.ixture of A and B (equal quantities) for a length of time sufficient for them 
to be properly stained, usually one to four hours. After having been properly 
stained, the sections are hydrated, clarified and mounted. 

For staining voluntary muscle to show nerve-endings the following method 
of Chr. Sihler is recommended. Small pieces of the muscle are first placed for 
eighteen hours in a solution containing : 

Acetic acid, 1 volume. 

Glycerin, 1 volume. 

Chloral hydrate (1% solution), 6 volumes. 
Then teased in pure glycerin. They are then placed in : 

Haematoxylin (Ehrlich's), 1 volume. 

Glycerin, 1 volume. 

Chloral hydrate {\% colution), 6 volumes, 
and allowed to remain 3 to 10 days. The pieces are then placed in the first solu- 
tion until the color becomes differentiated. 
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SPECIAL METHODS FOR STAINING BLOOD. 

The EOSIN-ilETHYLENE BLUE METHOD 

Eosin powder, alcohol soluble, ^A grm. 

Absolute methyl alcohol, 50 c. c. 
In one wide mouth bottle. 

Methelene blue powder (Griibler's), J% grm. 

Absolute methy alcohol, 50 c. c. 
In another wide mouth bottle. 

To stain. — With coverglass forceps lower the coverglass which has the film 
of blood on it into the eosin bottle for 30 seconds, then immediately lower it into 
the methylene blue bottle for 30 seconds, then immediately rinse in a beaker of 
distilled water for 30 seconds, and dry with bibulous paper, dehydrate and 
mount with balsam, or after drying examine with oil immersion lens. 
Ehrlich's triacid or neutrophile stain: 

Saturated solution of orange G., 13-14 c. c. 
Saturated solution of acid fiichsin, 6-7 c. c. 
Water, 15 c. c. 
Alcohol, 15 c. c. 

Saturated solution of methyl green, 12,5 c. c. 
Alcohol, 10 c. c. 
Glycerin, 10 c. c. 
The blood having been obtained upon a clean slide or coverslip, should be 
gently heated until the blood is "fixed." 
Place in stain 1 to 5 minutes. 
Rinse in distilled water. 
Dry with bibulous paper, and mount with balsam ; or put on a drop of cedar 
oil and examine with j^^ objective. 

The nuclei are stained green; the cosinopJiile and nciitropliilc granules, red; 
the basophile granules are usually not stained ; the colored corpuscles appear pale 
yellow or red. 

Jenner's stain: 

Equal quantities of a 1.2 per cent, aqueous solution of eosin and of 1 per 
cent, aqueous solution of methylene Ijlue are thoroughly mixed and allowed to 
stand for 24 hours. The preci|>itate is filtered oiT, washed thoroughly with 
distilled water, dried in the air without heating. For use dissolve ' i grm. of the 
dry powder in 100 c. c, of pure methyl alcohol. Into this is placed the slide or 
cover-slip containing the smear of Ijlood which has been allowed to dry without 
the aid of heat, and allowed to remain 1 to 3 minutes. It is then rinsed in distilled 
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water until the film has a pale pink color (5 to 10 seconds.). Allow specimen uo 
dry in the air and mount. 

The colored corpuscles stain a tcrra-cotta color ; the nuclei are blue ; the blood 
plaques purple; the neutrophile and eosiiwphile granules red; the basophile 
granules and cell bodies blue. 

Wright's chromatin stain: 

To a 5 per cent, solution of sodium bicarbonate in distilled water, add 1 per 
;ent. by weight of powdered methylene blue. The mixture, having been put into 
a flask, is steamed in an Arnold sterilizer for one hour from the time the tem- 
perature reaches 100° C. It is then taken from the sterilizer and allowed to cool. 
It is then poured gently into a dish or flask and to it is added 1 to 1000 aqueous 
solution of eosin until the blue color changes to purple and the mixture has a 
yellowish metallic looking scum on its surface (recjuiring about 500 c. c. of the 
eosin solution to 100 of the alkaline methylene blue). The precipitate formed 
is collected on a filter and allowed to dry without washing or heating. When dry 
a saturated solution in methyl alcohol is made (.3 grm. will saturate 100 c. c. 
methyl alcohol in a few minutes). After filtering, add to 80 c. c. of the filtrate, 
20 c. c. of methyl alcohol. The stain thus prepared should be kept in tightly 
stoppered bottles. 

The blood smeared slide or cover-slip is allowed to dry and is placed into 
the stain for one minute. The slide or cover-slip is then removed and upon it 
is dropped water until a metallic-like scum forms on the surface of the mixture, 
and a reddish tint develops at the margins. The preparation is then left for 
from 3 to 10 minutes. Then the specimen is washed with distilled water, until 
the thin portions of the film appear pale yellow or a faint pink. The specimen is 
then dried with bibulous paper and mounted with balsm or examined with cedar 
oil and y^y objective. 

The colored corpuscles should be pink; nuclei red or may be blue; cell bodies 
blue. The chromatin network of the nucleus and nucleoli stained with this stain 
can be distinctly seen. 

Clarifying Reagents. 

The embedding material surrounding and contained in the sections .should 
be removed or clarified in order that it may not obscure the portions of the sec- 
tions. The reagents which may be used are : benzole, xylol, turpentine, creosote, 
oil of cloves, oil of bergamot, or other essential oils. 

Generally if the sections be embedded in paraffin, use xylol or turpentine ; 
if embedded in celloidin, use creosote (which clarifies the celloidin) or oil of 
cloves (which dissolves the celloidin). 
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Alountiiig Reagents. 

Sections or th:n specimens may be mounted in glycerin, basalm or damar. 

Glycerin is used as a mounting medium Mdien the sections or S])ecimens are 
to be mounted without having been previously embedded ; when used, the cover- 
slip should be made adherent to the slide by means of some form of cement, as 
zinc white, gold size, etc. 

Balsam is the generally used mounting medium, as a solution in xylol. 

After the mounting medium has been placed upon the section the cover-slip 
should be placed on it, care being taken that no air be allowed to remain under 
the cover-slip. One end of the cover-slip should be placed at one edge of the 
section in contact with the balsam and the slip gradually lowered by means of a 
teasing needle. 

After the sections have been mounted the slides should be placed in a hori- 
zontal position for several days, then cleaned with alcohol or xylol, labeled and 
stored away to be examined when desired. 



INJECTING MEDIA. 

Injecting media are used for the purpose of injecting capillary blood-vessels. 
Carmine-gelatin — 
I: 

Liquor ammonia, 8 parts. 
Carmine, 4 parts. 
After being allowed to stand one-half to one hour, add : 
Distilled water, 50 parts. 
II: 

Gelatin mass, prepared by adding to about ten parts of pure gelatin a 
sufficient amount of water to cover it, and allowing the mixture 
to stand until the water is absorbed by the gelatin. 
Filter preparation I and place the filtrate in an evaporating dish on a water 
bath, and add to it, while hot, preparation II slowly, continually stirrmg the con- 
tents of the evaporating dish. Then add drop by drop a dilute solution of acetic 
acid until the preparation is slightly acid in reaction. 

Prussian blue gelatin may be prepared in the same manner, using instead of 
preparation I a solution of Prussian blue (9 per cent., solution in water). 

Whichever medium is used it should be used before it has been allowed to 
set, and should be injected into the vessel going to the region to be injected. 
The injection should take place as soon after death of the animal as possible, or 
while the animal is under the influence of chloroform. 
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The haemacytometer consists of a glass slide which contains a cjuadrilateral 
rectangular depression of uniform depth, the floor of which is divided into 
sqviares by parallel lines crossing other parallel lines at right angles. Accom- 
panying the slide there is at least one cover-slip, a graduated pipette and some- 
times a puncturing needle. 

The depth of the depression is usually one-tenth of a millimeter. The 
sides of the squares into which the floor of the depression is divided are one- 
twentieth of a millimeter long. Therefore each space, the base of which is rep- 
resented by one of the previously-mentioned squares, has a capacity of one four- 
thousandths of a cubic millimeter (^V mm. X ^u mni. X iv mm.). 

The method for using the instrument is as follows : 

With a puncturing needle which has been cleansed immediately before using, 
puncture the tip of a finger or the lobe of the ear, the surface used having been 
thoroughly cleansed. Place the point of the pipette into the oozing blood and 
draw (by suction) the blood into the pipette until it reaches the point marked 
.5 c. c. The point of the pipette should then be cleansed with a cloth which has 
been soaked in a solution of sodium sulphate (10 per cent.) and placed into a 
vessel containing sodium sulphate (10 per cent, aqueous solution) ; a dilute solu- 
tion of acetic acid if only the colored corpuscles are to be counted; the sodium 
sulphate solution to which a few drops of a 1 per cent, solution of gentian violet 
has been added ; or a dilute solution of acid methylene blue. Whichever solution 
is used, it is drawn into the pipette to the point marked 101 c. c. and the pipette 
is then gently shaken. It will readily be understood that the bulb of the pipette 
contains 100 c. c. of the mixture, of which .5 c. c. is blood, giving .5 per cent, 
solution of blood. About one-third of the contents is now driven from the pipette 
and then a drop is forced from the pipette into the depression on the slide. After 
the drop has been covered with a cover-slip the slide is placed upon the stage of 
the microscope. After sufficient time has elapsed (about ten minutes) for the 
corpuscles to settle on the floor of the depression, the specimen is examined. 
The corpuscles contained in a large number of areas, usually about fifty (the 
larger the number of areas counted the more reliable will be the result), are 
carefully counted. 

The number of corpuscles divided by the number of areas counted gives the 
average number contained in one area, which, as stated above, has a capacity of 
4 oVo c. mm. 

The average number of corpuscles of the diluted blood contained in ^-5^0 c. 
mm. multiplied by 4000 gives the average number of corpuscles contained in one 
cubic millimeter. 

The average number of corpuscles of the diluted blood contained in a cubic 
millimeter multiplied by the quotient obtained by dividing 100 by the amount of 
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blood originally drawn into the pijiette (.5 c. c. ) will give the average number of 
corpuscles contained in a ctiljic millimeter of blood. 

(The student should carefully note the dimensions of the divisions of the 
depressions as etched on the slide, and if different from the dimensions men- 
tioned in the foregoing description, which applies to the Zeiss haemacytometer, 
he should calculate accordingly.) 

Method for staining cut sections with haematoxylin and eosin : 

1. Receive the specimen in water. 

2. Place it into haematoxylin stain for about 5 minutes. 

3. Rinse in water. 

4. Acid alcohol Vz to 3 minutes, depending upon the strength of the stain 

and of the acid alcohol, or until specimen turns to claret-red color. 

5. Rinse in water. 

6. Ammonia water J/^ to 3 minutes, or until specimen turns to the desired 

blue color. 

7. Rinse in water. 

8. Eosin 2 to 5 minutes. 

9. Rinse in water. 

10. Alcohol 95 per cent, for l^-^ minute. 

11. Creosote 1 to 3 minutes. 

12. Lift specimen on to the slide being careful not to get the specimen 

wrinkled or folded. 

13. Press with bibulous paper in order to dry. 

14. Put a drop of balsam upon the specimen, and upon that the cover-slip, 

and finally label. 

[.SEE T.VBLE OX PAGES 176 .\XD 177] 
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Funeiform papillae 62 

Funiculi 44 
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Galactophorous duct 132 

Gall-bladder 85 

Ganglia -I'"'. l''J9 

Gastric glands 70 

Gelatin 23 

Generative organs of female 125 

" " of male 117 

Genital corpuscles 47 

Germinal epithelium 1 IS, 125 

" spot 127 

" vesicle 127 

Giant cells 33 

Gingival line 58 

Glands, agminated 77, 90 

" of Bowman 150 

" Brunner's 74, 76 

" cardiac 70 

" ceruminous 146 

" duodenal 74, 76 

" epithelium of 19 

" gastric 70 

lenticular 72, 90 

" of Lieberkiihn 74, 76 

of Littre 116 

lymph 90 

" mammary 133 

" oesophageal 68 

" oesphageal-cardiac 67 

" parotid 86 

" parathyroid 135 

" pharyngeal 66 

" pineal 161 

" pyloric 71 

" racemose 57 

" saccular 57 

" salivary 86 

sebaceous 166, 107 

of the skin 106, 107 

" solitary 77, 90 

" sublingual 86 

" submaxillary 86 

" sudoriferous lOG, 107 

" thymus 94 

thyroid 134 

" tubular 57 

" of Tyson 121 

" uterine 129, 130 

" varieties of 57 

Glandulac Tysonii odoriferae 121 

Glans penis ]21 

Glia fibres ]C,1 

Glisson, capsule of 82 

Globulin 9 

Globus, major 119 

minor ]19 

Glycogen so 

Gloirienilus 53 112 

Goblet cells 3 19 

Gold chloride lf,9 

Graafian vesicles ]95 

Granule stains w 

Gray fibres 44, 48 

Groove, spiral ]4S 

Growth 3 

Gullet f,R 

Gustatory cells (53 (-,4 

pore \ ' f,3 
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Haemacytomcter 10, 173 

Haemaglobin 9 

Haematoidin 9 

Haematoxylin 167 

Hair 104 

" bulb 105 

" follicle 105, 106 

Hassel, corpuscles of 95 

Haversian canals 30 

" fringes 56 

" systems 30 

Heart 49 

Heart-muscle 40, 49 

Heidenhain, demilunes of 86 

Hematin 9 

Hemin 9 

Henle, fenestrated membrane of 34, 51 

layer of 106 

" loop of Ill 

sheath of 44, 47 

Hepatic cells 83 

Hermann's solution 165 

Histology, definition of 1 

Huxley's layer 106 

Hyaloplasm 2, 38 

I 

Ileum ; 77 

Indirect cell-division 4 

Infundibula 99, 110 

Injecting media 172 

Interarticular cartilage 28 

Intercellular substance 1 

Interfascicular clefts 55 

Interglobular spaces 58 

Interlobular arteries 83, 85 

bile-ducts 83, 85 

" capillaries 84 

" lymphatics 83 

" spaces 83 

veins 83, 85 

Intermediate discs 38 

Internal elastic membrane 51. 52 

" capsule 160 

Internodes 43 

Intervertebral cartilage 28 

Interzonal layer of tooth 59 

Interstitial lamellae 30 

Intestine, large 79 

small 73 

Intralobular vessels 83 

Intranuclear network 2 

Iris, the . 140 

Irritability 3 

Islands of Langerhans 88 

J 

lelly of Wharton 25 

Tenner's blood-stain 170 

K 

Karyoplasm 3 

Karyokinesis, sta.ges of 4, 5 

Karyosomes 3 



188 INDEX. 

Page 

Keratin 17, 103 

Kidney 1"^ 

" -blood-vessels of ll"" 

" coats of l**^ 

" columns of Eertini 1'^^ 

" cortical portion of 109. H" 

" cortical arches of HO 

" hilum of loy 

" lobules of 109 

" lymphatics of 109 

" mammilla of 109 

" medullary portion of lOS 

" nerves of 10" 

" papillae of 109 

" pyramids of Ferrein HO 

" pyramids of Malpighi 109 

" sinus of 109 

Kolliker, neuroplasm of ■I'j 

Krause, membrane of ^'S 

Kronecker's fluid 1''^ 

Kiihe, axilemma of 43 

L 

Labyrinth "?'.l*! 

Lacteal vessels 55,75 

Lacunae of bone 31 

" of cartilage ~" 

Lamellae of bone 29,30 

Lamina cribiformis 138 

" fusca 138 

" reticular 1-19 

" spiralis li~ 

" suprachoroidea 139 

vitrea 110 

Lang-erhans. bodies of 88 

Large intestine 79 

Larynx 97 

Lateral discs 38 

Layer, endothelial 52 

" subendothelial 52 

Layers of the retina Ill, 112 

Lens of tlie eye 113 

Lenticular glands 72, 90 

Leucocytes 10, 11, 12, 13, 93 

classification of 11, 12, 13 

Liebcrkiihn, crypts of 74, 7ii 

Ligament, suspensory 113 

Ligaments 23 

Ligamentum denticulatum 152 

" nuchae 23 

" pectinatum 139 

" spirale 147 

Litnbus laminae spiralis 14S 

Limiting nrembrane 1,2,3 

Linin 2 

Liquor folliculi ]2ri 

lymphae 55 

" sanguinis 9 

Littre, glands of l]ii 

Liver, the S2 

bile-capillaries of S3, S4 

" liilc-ducts of S3, S4 

" blood vessels of S3, SI 

" cells S3 

" coats of ,S2 

" Glisson's capsule of S2 

" lobules of S2, S3 

" of pig S-~' 

Lobuli testis 117 
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Locus nig-er ICO 

Loop of Henlc Ill 

Loose-skein 4-,5 

Lumen 50, 52 

Lung, the 99 

air-cells of 99, 100 

air-sacs of 99 

alveoli of 20, 99, 100 

blood vessels of ' 100 

infundibula of 99 

lymphatics of 101 

nerves of 101 

Lunula 104 

Lymph 55 

" capillaries 55 

channels 55 

" corpuscles 55 

" trabeculae of 90 

" sinus 91 

" spaces 55 

Lymph gland 90 

" " cortical portion of 90 

" hilum of 90, 91, 92 

" " medullary portion 91 

" " trabeculae of 90 

Lymphocytes 12, 55 

Lymphoid aggregations 90 

tissue 25, 57, 90, 91 

M 

Maceration of specimens 162 

Macula lutea 141 

Malpighian body 16, 112 

" capsule 110 

corpuscle 92, 93 

pyramid 109, 110 

stratum 102, 104 

Mammary gland 133 

" " acini of 132 

ampulla of 133 

blood vessels of 133 

" " colostrum of 133 

lymphatics of 133 

" " nerves of 133 

nipple of 133 

" tubules of 133 

Mammilla 109 

Marginal cells 86 

Marrow 33 

" cells 33 

" red 32 

" yellow 32 

Mast cells 13 

Mastication 58 

Matrix, cartilage 27 

nail 104 

" nuclear 3 

Meatus, external auditory 146 

" urinarius 116 

Media, fixing 163 

Mediastinum testis 117 

Medulla oblongata 154 

Medullary cords 91 

" canal 29 

" cells 60 

" rays 110, 113 

" sheath 44, 45 

Meissner, corpuscles of 46 
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Meissner, plexus of 73 

Membrana granulosa 13'> 

" liniitans olfactoria 151 

" propria 16, 57 

" tectoria l^S 

" tympani I'lS 

Membrane, arachnoid 153 

" basement 16, 57 

" basilar US 

of Corti 118 

" of Descemet 24 

" external elastic 50 

" fenestrated 34, 51 

" glassy 10'^ 

hyaloid Ill 

" internal elastic 51 

of KfjHiker 181 

" of Krause 38 

" limiting 1, 3, o 

" mucous 56 

of Nasmyth 60 

" nuclear 2,1 

" of Reissner 147 

" root 58 

" serous 49, 36 

" synovial 56 

Membranes, the 35,56 

Membranum tympani 146 

Menopause 128 

Mesoblast^ 23 

Metakinesis 5 

Metaphase 6 

Methylene blue 11 

Methyl green 11, 16 

Micrometer 8 

Micromillimeter 9 

Microscope 1,0 

Microscopical Anatomy 1 

Microtome 163, 166 

Mitotic division 4 

Modiolus 147 

Mononuclear leucocyte 11, 13 

Motion 3 

Motor end-plates 39, 64 

" nerves 48 

Mounting reagents 173 

Mouth, the 64 

Mucigen 19 

Mucin 19, 86 

Mucous alveoli 86 

" membranes 36 

Miiller, ring muscle of 140 

" fibres of 143 

Miiller's fluid 164 

Multipolar cells 43 

Muscle 37, 44 

" cardiac 40 

ciliary 140 

" involuntary 37,39 

" papillary 49 

ring 140 

" striated 37 

" voluntary 37 

Muscularis mucosae 57 

Myelin 43 

Myelocytes 32 

Myeloplaxes of Robin 33 

Myocardium 49 

Myxomatous tissue ;,>,-, 
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Nails 104 

Nasal mucous membrane 150 

Nasmyth, membrane of 60 

Nates of brain 160 

Nerve 43 

cells 43, 45 

" ciliary 144 

" fibres 42, 43, 46 

" ganglia 45 

medullated 43 

" terminations 46 

" trunks 44 

" sympathetic 48 

Nervi nervorum 45 

Nervous system of 44, 153 

" tissue 1, 43 

Neura 42 

Neuraxes 43 

Neuraxones 43 

Neurilemma 43, 44, 46 

Neurites 43 

Neurodendron 43 

Neuroglia 42, 44, 161 

Neurokeratin 43 

Neurone 43 

Neuroplasm 43 

Neutrophile cells 13 

Neutrophilic granules lli 

Nipple, the 133 

Nodes of Ranvier 43 

Nose, the 150 

Nuclear matrix 3 

" membrane 3, 4 

Nucleolus 3,3 

Nucleus 3 

Nucleus, structures of 3 

" candatus 159 

" central 160 

" cuneatus 156 

" gracilis 156 

" lateral 155 

of the lens 143 

" lenticularis 159 

o 

Odontoblasts 60 

Oesophagus 66 

coats of 67, 68, 69 

epithelium of 66, 67 

" glands of 67 

Oil globules 34 

Olivary body 155 

" fasciculus 155, 157 

Optic thalamus 160 

Ora serrata 141 

Orange G 11 

Organ of Corti 148 

Osmic Acid 165 

Ossification, endochondral 33 

" intramembranous ,36 

" periosteal 36 

Osteoblasts 33, 34 

Ovary, the 125 

" blood-vessels of 138 

" coats of 125 

" corpus luteum of 127 

" follicles of 125 
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Ovarj', germinal epithelium of 125 

" lymphatics of 128 

nerves of 128 

" stroma of 125 

Oviduct, the 56, 128 

Ovoid cells ''1 

Ovula Nabothi 130 

Ovum 125, 126 

Oxyntic cells ''1 

Oxyphil cells 135 

Oxyphilic granules H 

P 

Pacinian corpuscles 46 

Pancreas, the 87 

" acini of 88 

duct of 88 

Panniculus adiposus 103 

Papillae 57 

" circumvallate 62 

" ' conical 62 

" fungiform 62 

of the skin 46,103 

Papillary muscles 49 

Paraiin method of embedding specimens 165 

Paranuclein 2 

Paraplasm 2 

Parathyroid gland 135 

Parietal cells 71 

Parotid gland 86, 87 

Pars ciliaris 143 

" iridica retinae 143 

Patches. Peyer's 74, 77 

Penis, the 53, 121 

blood vessels of 123 

" corpora cavernosa of 121,122 

corpus spongiosum of 121,122" 

" erectile tissue of 122 

" glands of 121 

" lymphatics of 123 

" nerves of 123 

" skin of 121 

Pepsin 70 

Pericardium 49 

Pericementum 59 

Perichondrium 27 

Periductular lymph channels 55 

Perilymph 147 

Perimedullary lamellae 29 

Perimysium 37,39 

Perineural lymph channels 5.5 

Perineurium 44 

Periosteum 28, 31, 58 

Peritendineurium 39 

Peripheral nerve-endings 4fi 

Perivascular lymph channels 55. 85 

Peyer's patches 74, 77^ po 

Phagocytes 11 

Phalanges I49 

Pharynx, the (-,5 

aponeurosis of 66 

glands of 66 

raphe of 66 

Pia mater 153 

Picro-carmine 168 

Picro-sulphuric acid 165 

Pigment granules of skin 102 

Pineal gland 161 



INDEX. 193 

Page 

Pinna of the ear 146 

Pituitary body 161 

Plasma, the 9 

Planetocytes 11 

Plaques of the blood 9, 13 

Plasma 9 

Platino-acetic-osmic acid 165 

Plexus of Auerbach 73, 78, 79 

" Pleller 78 

" " Meissner 72, 73, 77, 79 

" myentericus 79 

" " stellate 113 

" subepithelial 73 

Polymorphonuclear leucocytes 11, 13 

Polynuclear cells 2, 10 

Pons Varolii 156 

Pore, gustatory 63 

Portal canal 85 

vein 83, 84 

Porus opticus 138 

Prepuce, the 121 

Prickle cells 103 

Processes of Deiter 42 

" axis-cylinder 43 

" bran ched 43 

Prophase 6 

Prostate g;land 133 

Protamoeba 3 

Proteus animalcule 3 

Protoplasm 1, 3 

Prussian blue gelatin 173 

Pseudopodia 11 

Pseudo-stoniata 19, 56 

Pulp, dental '. 60 

" splenic 93 

Pupil of the eye 140 

Purkinje, axis cylinder of 43 

cells of 158 

Pyloric glands 71 

Pyramids of Ferrein 110 

" Malpighi 109, 110 

Pyrenin 2 

R 

Racemose gland 57 

Rami communicantes 45 

Ranvier, nodes of 43 

Rcissner's membrane 147 

Rernak, fibres of 44, 48 

Reproduction 3,4 

Reproductive organs of female 135 

" male 117 

Respiratory organs 97 

Restif orm body 155 

Rete mucosum 103 

" testis 117 

Retia mirabilia 53 

Retiform tissue 33. 24 

Retina, the 141 

Rod epithelium 87 

Rods of Corti 148 

Rods and cones 141 

Rollett's theory 38 

Root canal 58 

" membrane 58 

" sheath 106 

Rosette 4 

Rouleaux 10 

Rugae of oesophagus 66 
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Rugae of Kall-bladdcr 85 

stomach 73 

vas deferens 120 

s 

Saccular glands 57 

Saccule 147 

Sacs, air 99 

Safranin 168 

Salivary Corpuscles ' 20, 96 

Salivary glands 85 

" " acini of 86 

alveoli of 86 

duct of 87 

lobules of 86 

" " trabeculae of 86 

Sarcolemma 37, 40, 44 

Sarcoplasm 38 

Scala media 147 

" tympani 147 

" vestibuli 147 

Schacfiowa, tubule of 110 

Schlemm, canal of 139 

Schultz, irbrillae of 43 

" iodized scrum 162 

Schwann, white substance of 43 

Sclera propria 138 

Seam, cubicular 17 

Sebaceous gland 106, 107 

Sebum 107 

Secondary areolae 34 

Section cutting 163, 166 

Semicircular canals 147 

Seminiferous tubules 117 

Sensory nerves 46 

Septum pectiniforme 122 

Serous alveoli 86 

" membranes 49, 56 

Sertoli, cells of 118 

Sharpey, fibres of 31 

primary areolae of 34 

Sheath oi l-Ienle 44, 47 

" medullary 43 

myelin .' 43 

" primitive 43 

Sihler's method for staining 169 

Silver nitrate staining 21, 169 

Simple epithelium Ifi 

Sinus circularis iridis 139 

Sinus, lymph 91 

Sinuses r.3 

Skein 4 -, 

Skin 1 02 

" appendages of 104 

" arrector pili of 106 

" blood vessels of lOS 

'' glands of 106, 107 

layers of 10;7 

" lymphatics of lOS 

" nerves of . . , los 

" strata of 102 

Small intestine 7;^, 

" coats of 7;-> 

Solitary follicles 7 1 

gland 77_ 90 

Space, sidjarachnoideal 153 

" subdural 1 -,3 

" subscleral 139 
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Spaces, corneal 138 

" of Fontana 138 

" interglobular 58 

" interlobular 83 

" subepithelial 143 

" supraepithelial 143 

Spermatocytes 118 

Spermatogonia 118 

Spermatoblasts 118 

Spermatogenesis 118 

Spermatozoa 118 

Spincter ani 81, 83 

" of pupil 140 

" pylori 73 

" vesicae 115 

Spinal cord, the 153 

" " anterior median fissure of 153 

" " central canal of 153 

" " columns of 153 

" " commissures of 153 

" " posterior median fissure of 153 

" " tracts of 154 

Spindle, achromatic 4 

Solution, normal salt 163 

Spiral groove 148 

Spleen, the 93 

" blood vessels of 93 

" coats of 93 

hilum of 93 

" lymphatics of 93 

" Malpighian corpuscles of 93, 93 

" nerves of 94 

pulp of 93 

" trabeculae of 93 

Spongioplasm 3,3,38 

Spongy-bone 39, 31 

Squamous epithelium 16 

Stage-micrometer 8 

Stages of karvokinesis 4, 5 

of ossification 33, 34, 35 

Stain, Ehrlich's 301 

Staining solutions 167 

" with haematoxylin and eosin 174 

Stellate plexus 113 

Stigmata 19, 5'5 

Stomach 69 

" blood vessels of 73 

coats of 69 

glands of 70, 71 

" lymphatics of 73 

" nerves of 73 

Stomata 19, 56 

Strata of the skin 103 

Stratified epithelium 16 

Stratum cinerum 160 

" mucosum 139 

" opticum 160 

" serosum 139 

" vasculosum 129 

" zonale 160 

Striated border 17 

Stroma of blood corpuscles 9 

" kidney 110,113 

" ovary 135 

Subarachnoideal space 153 

Subcutaneous tissue 103, 107 

Subendothelial layer 53, 56 

Subepithelial plexus 73 
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Sublingual gland 86,87 

Sublobular vein 83 

Submaxillary gland 86, 87 

Succus entericus ''6 

Sudoriferous gland 106, 107 

Suprarenal gland 136 

Supporting tissues 1, 22 

Suspensory ligament 1-13 

Sustentacular cells 63, 64, 92, 151 

Sweat glands 106 

Sylvius, aqueduct of 160, 161 

Synovial membranes 56 

Sympathetic system 14, 45 

System, vascular 49 

T 

Table for preparation of specimens 176, 177 

Tactile corpuscles 46 

Taste-buds 63 

Teasing of specimens 162 

Teeth, the 58 

cementum of 60 

" crusta petrosa of 60 

" dential canals of 58 

" dentine of 22,58 

enamel of 28,59 

" interglobular spaces of 58 

" interzonal layer of 59 

" membrane of Nasmyth of 60 

" odontoblasts of 60 

Pulp of 60 

Tegmentum 157, 160 

Tcichmann's crystals 9 

Telodendron 42 

Temporary cartilage 27 

Tendo Achilles 22 

Tendons 39 

Testes of the brain 160 

Testicle 117 

" coats of 117 

" coni vasculosi of 119 

" mediastenum of 117 

" seminiferous tubules of 117 

" spermatoblasts of 118 

vasa eFferentia of 119 

vasa recta of 117 

Thcca f olliculi 125 

Thoracic duct -^'^ 

Thymus gland 94 

blood vessels of 95 

concentric corpuscles of 95 

lobes of 94 

lobules of 91 

lymphatics of 95 

nerves of 9.-, 

" trabeculae of 94 

Thyroid gland I34 

" " acini of i;-j4 

biood vessels of 13.-, 

colloid substance of l:;4 

l>'mphatics of jo- 

nervcs of 43-, 

Tissue, adenoid 25, 92 

" adipose P3 o^ 

anomalous connecliw -jo' ;>- 

areolar 23' 24 

conncctixe 4 on .->■> 

" definition of ' ' 4 
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Tissue epithelial • 1,16 

erectile 122, 131 

" lymphoid 25 

muscular 1,37 

myxomatous 35 

nervous 1, 43 

" retif orm 33, 24 

" subcutaneous 103, 107 

" supporting 1, 22 

" vitreous 35 

" white fibrous 23 

yellow fibrous 23 

Tissues, classification of 1 

" component parts of 1 

" elementary 1 

" supporting 1, 33 

Tongue, the 61 

" glands of 61 

" mucous membrane of 63 

" papillae of 62 

" raphe of 61 

Tonsil, the 65,95 

" crypts of 96 

" pharyngeal 66 

Trachea, the 97 

" blood vessels of 98 

" cartilage of 98 

coats of 97, 98 

glands of 98 

" lymphatic of 98 

" nerves of 98 

Tracts of spinal cord 154 

Transitional cells 13 

Tube, Fallopian 138 

Tubercule of Rolando 155 

Tubular glands 57 

Tubule, dentinal 58,59 

" uriniferous 110 

Tubuli galactophori 133 

" lactiferi 133 

" seminiferi 117 

Tunica, adventitia 50, 53, 56 

" albuginea 117, 125 

" fibrosa 125 

intima 50, 51, 54, 56 

" media 50, 51, 53, 56 

" propria 56,57 

" Ruyschiana 140 

" vaginalis 117, 138 

" vasculosa 126 

Tympanum, the 146 

Typical cell 3 

u 

Umbilical artery 51 

cord 35 

Unipolar cell 43 

Ureter, the 114 

" blood vessels of 115 

calyx of 110,114 

" coats of 114 

" epithelium of 114 

" infundibula of 110 

" lymphatics of 115 

" muscular tissue of 114 

" nerves of 114 

" pelvis of 109 
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Urethra, the lltj 

" epithelium of 116 

Urinary organs 109 

Uriniferous tubule HO 

" " epithelium of 113 

Urinary bladder, the 115 

" " blood vessels of 115 

" " coats of 115 

" " lymphatics of 116 

" " nerves of 116 

Uterus, the 139 

" blood vessels of 130 

" cervix of 130 

" coats of 139 

" epithelium of 129 

" glands of 139, 130 

" lymphatics of 130 

" muscle of 138 

" nerves of 130 

" sinuses 130 

Utricle 147 

Uvea, the 140 

V 

Vagina 130 

" epithelium of 17 

Vallum of tongue 63 

Valves 53 

Valvulae conniventes 74, 76 

Van Giesen stain 119 

Vas aberrans 119 

" deferens 119 

Vasa efferentia 118 

" nervorum 44 

" vasorum 51 

Vascular system 49 

Vater, corpuscles of 47 

Vegetal histology 1 

Vein, central 83 

" coronary 49 

" femoral 53 

II hepatic 53, 84 

interlobular 83 

" intralobular 83, 84 

portal '84 

structure of 53 

Veins 49, 50, 52, 55 

sublobular 83, 84 

Venae interlobulares II3 

propriae renales 113 

" rectae II3 

vorticosac 140 

Venules ,-,3 

Vermiform appendix SI 

Vesicle germinal lo^t 

Graafian 125 

Vesiculae seminales 120 

Vessel, afferent 112 

" efferent 112 

Vessels, blood -J) 

chyliferous .-- ^ - 

coronary ' <q 

" lacteal /-,- -;,-, 

lymphatic ' - - 

Vestibule, the 14^ 

Villi ■::.■.'.■.■:::::.■.■.■.■.■; :56.'57,'74, 75 

Vital functions of a cell ;:; 

Vitelline membrane l^^ 
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Vitellus 127 

Vitreous humor 25, 144 

Voluntary muscle 37 

w 

Warner, corpuscles of 46 

Wandering: cells 11 

Weigert's haematoxylin method 169 

Wharton, jelly of 2.5 

White, fibro-cartilage 27,28 

" fibrous tissue 23 

Wirsung, duct of 88 

Wright's blood stain 171 



Yellow fibro-cartilage 27,28 

" fibrous tissue 23 



Zona arcuata 149 

" fasciculata 136 

" glomerulosa 136 

" ncllucida 126 

" radiata 126 

" reticularis 136 

Zones of cerebellum 158 

Zonula of Zinn 143 

Zymogen 88 



